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Foreword 



The practice patterns of general surgery have changed significantly in the last 
decade as a result of the increasing use of flexible endoscopy, both diagnostic 
and therapeutic, and also the introduction of laparoscopic endoscopy as a 
therapeutic technique. These changes have occurred over a short period of time 
and continue rapidly with the increasing use of advanced laparoscopic proce- 
dures. Residents who have completed their training and are entering the prac- 
tice of general surgery must be very familiar with, and must be well educated 
in, these two areas. Flexible endoscopy and laparoscopy will be a significant 
part of their practice and with time will become more important and more 
widely used. 

Residency programs are struggling to develop educational programs that 
will adequately prepare residents for the future of endoscopy and laparoscopy. 
This is difficult in some programs because of the lack of clinical endoscopic 
material, the lack of understanding of the importance of endoscopic techniques 
in their medical communities, and a lack of interest and training of their staff. 
There is also a lack of good textbooks or educational tools aimed directly at 
residents to help these programs. There is a definitive need for a comprehen- 
sive textbook directed at the education of residents. 

SAGES (Society of American Gastrointestinal Endoscopic Surgeons) has 
for many years made resident education a priority. The society runs basic and 
advanced laparoscopic courses for residents and is developing tools to aid resi- 
dency programs with their responsibility of providing an adequate educational 
environment. Now that the dust has had time to settle, and procedures have 
been standardized and refined, complications understood, and the rationale for 
the use of the procedures defined, there is a need for a good textbook for resi- 
dents. SAGES has undertaken this important step in residency education by 
producing this pocket-sized manual of flexible endoscopy and laparoscopy, 
which is a quick and complete reference guide for surgical residents. The edi- 
tor, Carol Scott-Conner, M.D., is to be commended for an extremely thorough 
job in the selection of chapter titles and members of the society, who are ex- 
perts in their fields, to write these chapters. The manual is written in a note- 
book style, with liberal use of headings to facilitate the use of the manual as a 
quick reference tool. It is liberally illustrated with line drawings that signifi- 
cantly enhance the text. It deals with all aspects of diagnostic flexible endos- 
copy, including endoscopic retrograde cholangiopancreatography. It includes 
significant detail on therapeutic flexible endoscopy, and guides to the man- 
agement of patients undergoing these procedures. There is a comprehensive 
coverage of laparoscopy from the understanding of the equipment and its 
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Foreword 



workings, through the basic physiological changes during laparoscopy, to the 
practical side of the laparoscopic procedures. There is an extensive description 
of the management of patients undergoing these procedures. The manual is so 
complete that it is a little larger than was originally intended; this is not a defi- 
ciency but an advantage to the reader, as the information is thorough, compre- 
hensive, and at the fingertips. These features make the manual an excellent 
companion and quick reference tool to which residents can refer when treating 
all aspects of flexible endoscopy or laparoscopy that they might encounter. 

The scope, detail, and quality of the contents confirm and demonstrate the 
SAGES commitment to residency education. This manual is a must for all 
general surgical residents and should be considered by any resident entering a 
discipline that treats patients with videoscopic minimally invasive procedures. 

Desmond H. Birkett, M.D. 

Burlington, Massachusetts 
August 20, 1998 




Preface 



This manual has been a true labor of love. Many skilled surgical endoscopists 
and laparoscopists contributed untold time, effort, and expertise to this project. 
Think of it as a way to take SAGES experts with you, in your pocket, your 
briefcase, or your OR locker. The manual is organized into two sections: Lapa- 
roscopy and Gastrointestinal Endoscopy. Each section begins with general 
information and progresses to specific procedures. While each chapter builds 
the foundation for the next, we have also tried to make each chapter stand 
alone, to serve the needs of the reader who turns to it for specific instructions 
on a particular procedure. 

The laparoscopic revolution took many of us by surprise and introduced all 
of us to the concept of the learning curve. Patience and practice, hours review- 
ing videotapes, suturing with simulators, and box trainers are necessary to 
master the skills needed for these procedures. While this book cannot substitute 
for that investment of personal time, it can smooth the way by passing along 
pearls and technical tips from experienced laparoscopic and endoscopic sur- 
geons. 

Innumerable individuals deserve my profound thanks. I will name just a 
few here. First, I extend my sincere appreciation to all those authors who were 
patient with me through the editing process. Next, I remain grateful for the 
residents and students who continue to teach and inspire all of us. Thanks go 
also to my husband, for his unswerving support; Laura Gillan, the editor who 
first conceived this project and guided it through to completion; the SAGES 
Editorial Advisory Board, Desmond Birkett, M.D., Jeffrey Ponsky, M.D., and 
Gregory Van Stiegmann, M.D.; and Mary Shirazi, the talented and responsive 
medical illustrator who did the majority of the artwork. Finally, I wish to give 
thanks to SAGES, an organization that epitomizes surgeons working together 
to share and increase surgical knowledge. 



Carol E.H. Scott-Conner, M.D., Ph.D. 

Iowa City, Iowa 
April 10, 1998 
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1. Equipment Setup and 
Troubleshooting 

Mohan C. Airan, M.D., F.A.C.S. 



A. Room Layout and Equipment Position 

1 . General considerations include the size of the operating room, loca- 
tion of doors, outlets for electrical and anesthetic equipment, and the 
procedure to be performed. Time spent in positioning the equipment 
and operating table is well spent. Come to the operating room suffi- 
ciently early to assure proper setup, and to ascertain that all instru- 
ments are available and in good working order. This is particularly 
important when a procedure is being done in an operating room not 
normally used for laparoscopic operations, or when the operating 
room personnel are unfamiliar widi the equipment (for example, an 
operation performed after hours). 

2. Determine the optimum position and orientation for the operat- 
ing table. If the room is large, the normal position for the operating 
table will work well for laparoscopy. 

3. Small operating rooms will require diagonal placement of the oper- 
ating table and proper positioning of the laparoscopic accessory in- 
strumentation around the operating table. 

4. An equipment checklist helps to ensure that all items are available 
and minimizes delays once the patient has arrived in the operating 
room. Here is an example of such a checklist. Most of the equipment 
and instruments listed here will be needed for operative laparoscopy. 
Additional equipment may be needed for advanced procedures. This 
will be discussed in subsequent sections. 

a. Anesthesia equipment 

b. Electric operating table with remote control if available 

c. Two video monitors 

d. Suction irrigator 

e. Electrosurgical unit, with grounding pad equipped with current 
monitoring system 

f. Ultrasonically activated scissors, scalpel, or other specialized 
unit if needed 

g. Laparoscopic equipment, generally housed in a cart on wheels: 

i. Light source 

ii. Insufflator 

iii. Video cassette recorder (VCR), other recording system, 
tapes 
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i V . Color printer (optional) 

V. Monitor on articulating arm 

vi. Camera - processor unit 

h. C-arm x-ray unit (if cholangiography is planned) with remote 
monitor 

i. Mayo stand or table with the following laparoscopic instrumen- 
tation: 

i. #11, #15 scalpel blades and handles 

ii. Towel clips 

iii. Veress needle or Hasson cannula 

iv. Gas insufflation tubes with micropore filter, if desired 

V. Fiberoptic cable to connect laparoscope with light source 

vi. Video camera with cord 

vii. Cords to connect laparoscopic instruments to the electro- 
surgical unit, with various adapters for all instruments 
needed 

viii. 6" curved hemostatic forceps 

ix. Small retractors (Army-Navy or similar pattern) for umbili- 
cal incision 

X. Trocar cannulae (size and numbers depend on the planned 
operation, with extras available in case of accidental con- 
tamination) 

xi. Laparoscopic instruments 

Atraumatic graspers 
Locking toothed jawed graspers 
Needle holders 

Dissectors - curved, straight, right-angle 
Bowel grasping forceps 
Babcock clamp 

Scissors - Metzenbaum, hook, microtip 
Fan retractors - 10 mm, 5 mm 
Specialized retractors, such as endoscopic curved re- 
tractors 

Biopsy forceps 

Tru-cut biopsy - core needle 

xii. Monopolar electrocautery dissection tools 

L-shaped hook 

Spade-type dissector/coagulator 

xiii. Ultrasonically activated scalpel (optional) 

Scalpel 

Ball coagulator 
Hook dissector 

Scissors dissector/coagulator/transector 

xiv. Endocoagulator probe (optional) 

XV. Basket containing: 

Clip appliers 

Endoscopic stapling devices 
Pretied suture ligatures 
Endoscopic suture materials 
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Extra trocars 

j. Robot holder if available 



B. Room and Equipment Setup 

1. With the operating table positioned, and all equipment in the room, 
reassess the configuration. Once the patient is anesthetized and 
draped, it is difficult to reposition equipment. Consider the room size 
(as previously discussed), location of doors (particularly if a C-arm is 
to be used), and the quadrant of the abdomen in which the procedure 
will be performed. Figure 1 . 1 shows a typical setup for a laparoscopic 
cholecystectomy or other procedure in the upper abdomen. 

2. Set up the equipment before bringing the patient into the operating 
room. A systematic approach, starting at the head of the table, is use- 
ful. 

a. There should be sufficient space to allow the anesthesiologist to 
position the anesthesia equipment and work safely. 

b. Next, consider the position of the monitors and the paths that 
connecting cables will take. Try to avoid “fencing in” the sur- 
geon and assistants. This is particularly important if surgeon and 
assistant need to change places or move (for example, during 
cholangiography). 

c. The precise setup must be appropriate to the planned procedure. 
The setup shown is for laparoscopic cholecystectomy or other 
upper abdominal procedures. Room and equipment setups for 
other laparoscopic operatings are discussed with each individual 
procedure in the sections that follow (Sections II to IX). A use- 
ful principle to remember is that the laparoscope must point to- 
ward the quadrant of the abdomen with the pathology, and the 
surgeon generally stands opposite the pathology and looks di- 
rectly at the main monitor. 

d. If a C-arm or other equipment will need to be brought in during 
the procedure, plan the path from the door to the operating table 
in such a manner that the equipment can be positioned with 
minimal disruption. This will generally require that the cabinet 
containing the light source, VCR, insufflator, and other elec- 
tronics be placed at the side of the patient farthest from the door. 
Consider bringing the C-arm into the room before the procedure 
begins. 

e. Additional tables should be available so that water, irrigating 
solutions, and other items are not placed on any electrical units 
where spillage could cause short circuits, electrical bums, or 
fires. 
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Figure 1.1. Basic room setup. This is the typical setup for laparoscopic chole- 
cystectomy. The room must be sufficiently large to accommodate all of the 
equipment (see Fig. 1.2 for setup for smaller room). A similar setup can be 
used for hiatus hernia repair or other upper abdominal surgery. In these cases, 
one 21" or larger monitor can be used in the center where the anesthesiologist 
usually sits, with the anesthesiologist positioned to the side. The position of the 
surgeon (S), camera holder (C), and the assistant (A) depends on the procedure 
that is planned. The best position for the monitor is opposite the surgeon in his 
line of sight. A C-arm, if used, should be placed perpendicular to the operating 
table. A clear pathway to the door facilitates placement of the C-arm, and 
should be planned when the room is set up. 
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Figure 1.2. Laparoscopic cholecystectomy, small operating room. The 
monitors, anesthesia machine, and relative position of surgeon and first assis- 
tant have been adapted to the diagonal operating table placement. 



3. Check the equipment and ascertain the following: 

a. There should be two full carbon dioxide cylinders in the room. 
One will be used for the procedure, and the second is a spare in 
case the pressure in the first cylinder becomes low. The cylinder 
should be hooked up to the insufflator and the valve turned on. 
The pressure gauge should indicate that there is adequate gas in 
the cylinder. If the cylinder does not appear to fit properly, do 
not force it. Each type of gas cylinder has a unique kind of fit- 
ting, and failure to fit properly may indicate that the cylinder 
contains a different kind of gas (for example, oxygen). 
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b. If the carbon dioxide cylinder needs to be changed during a pro- 
cedure: 

i. Close the valve body with the proper handle to shut off the 
gas (old cylinder) 

ii. Unscrew the head fitting 

iii. Replace the gasket in the head fitting with a new gasket, 
which is always provided with a new tank of gas 

iv. Re-attach the head fitting so that the two prongs of the fit- 
ting are seated in the two holes in the carbon dioxide gas 
tank valve body 

V. Firmly align and tighten the head fitting with the integral 
pointed screw fisture 

vi. Open the carbon dioxide gas tank valve body, and pressure 
should be restored to the insufflator. 

c. Look inside the back of the cabinet housing the laparoscopic 
equipment. Check to be certain that the connections on the back 
of the units are tightly plugged in (Fig. 1.3). 

4. Attention to detail is important. The following additional items need 
careful consideration, and can be checked as the patient is brought 
into the room and prepared for surgery: 

a. Assure table tilt mechanism is functional, and that the table and 
joints are level and the kidney rest down. 

b. Consider using a footboard and extra safety strap for large pa- 
tients. 

c. Position patient and cassette properly on operating table for 
cholangiography. 

d. Notify the radiology technologist with time estimate. 

e. Assure proper mixing and dilution of cholangiogram contrast 
solution for adequate image. 

f. Assure availability of Foley catheter and nasogastric tube, if de- 
sired. 

g. Assure all power sources are connected and appropriate units are 
switched on. Avoid using multiple sockets or extension cords 
plugged into a single source, as circuits may overload. 

h. Check the insufflator (see Chapter 4, Access to Abdomen). As- 
sure insufflator alarm is set appropriately. 

i. Assure full volume in the irrigation fluid container (recheck 
during case). 

j. Assure adequate printer film and video tape if documentation is 
desired. 

k. Check the electrosurgical unit; make sure the auditory alarm of 
the machine is functioning properly and the grounding pad is 
appropriate for the patient, properly placed, and functioning. 
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Figure 1.3. Connections on rear panel. The actual configuration of connec- 
tions on the rear panels varies, but there are some general principles that will 
help when tracing the connections. The video signal is generated by the camera 
box. A cable plugs into the “video out” port of the camera box and takes the 
video signal to the VCR or monitor by plugging into a “video in” port. A com- 
mon arrangement takes the signal first to the VCR, and then from the “video 
out” port of the VCR to the “video in” port of the monitor, (see Chapter 9, 
Documentation). Some cameras have split connectors that must be connected to 
the proper ports. Once connected, these should not be disturbed. The surgeon 
should be familiar with the instrumentation as connections frequently are loose 
or disconnected. The last monitor plugged in should have an automatic termi- 
nation of signal port to avoid deterioration of the picture quality. 



5. Once you are gowned and gloved, connect the light cable and cam- 
era to the laparoscope. Focus the laparoscope and white balance it. 
Place the laparoscope in warmed saline or electrical warmer. Verify 
the following: 

a. Check Veress needle for proper plunger/spring action and assure 
easy flushing through stopcock and/or needle channel. 

b. Assure closed stopcocks on all ports. 

c. Check sealing caps for cracked rubber and stretched openings. 

d. Check to assure instrument cleaning channel screw caps are in 
place. 

e. Assure free movements of instrument handles and jaws. 
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f. If Hasson cannula to be used, assure availability of stay sutures 
and retractors. 



C. Troubleshooting 

Laparoscopic procedures are inherently complex. Many things can go 
wrong. The surgeon must be sufficiently familiar with the equipment to trou- 
bleshoot and solve problems. Table 1.1 gives an outline of the common prob- 
lems, their cause, and suggested solutions. 



Table 1.1 



Problem 


Cause 


Solution 




C 02 tank empty 


Change tank 




Open accessory port 
stopcock(s) 


Inspect all accessory 
ports — close stop- 
cock(s) 




Leak in sealing cap or 
stopcock 


Change cap or cannula 




Excessive suctioning 


Allow abdomen to re- 
insufflate 




Instrument cleaning 
channel screw cap 
missing 


Replace screw cap 




Loose connection of 
insufflator tubing at 
Source or at port 


Tighten connection 




Hasson stay sutures 
loose 


Replace or secure su- 
tures 


2. Excessive pressure 
required for insuf- 
flation (initial or 
subsequent) 


Veress needle or can- 
nula tip not in free 
peritoneal cavity 


Reinsert needle or can- 
nula 




Occlusion of tubing 
(kinking, table wheel, 
inadequate size tubing, 
etc.) 


Inspect full length of 
tubing, replace with 
proper size as neces- 
sary 




Port stopcock turned 
off 


Assure stopcock is 
opened 




Patient is “light” 


More muscle relaxant 


3. Inadequate lighting 
(partial/complete 
loss) 


Loose connection at 
source or at scope 


Adjust connector 
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Table 1.1. continued 



Problem 


Cause 


Solution 




Light is on “manual- 
minimum” 


Go to “automatic” 




Bulb is burned out 


Replace bulb 




Fiberoptics are dam- 
aged 


Replace light cable 




Automatic iris adjust- 
ing to bright reflection 
from instrument 


Reposition instruments, 
or switch to “manual” 




Monitor brightness 
turned down 


Readjust setting 


4. Lighting too bright 


Light is on “manual- 
maximum” 


Go to “automatic” 




“Boost” on light source 
activated. 


Deactivate “boost” 




Monitor brightness 
turned up 


Readjust setting 


5. No picture on 
monitor(s) 


Camera control unit or 
other components 
(VCR, printer, light 
source, monitor) not on 


Make sure all power 
sources are plugged in 
and turned on 




Cable connector be- 
tween camera control 
unit and/or monitors 
not attached properly 


Cable should run from 
“video out” on camera 
control unit to “video 
in” on primary moni- 
tor; use compatible ca- 
bles for camera unit 
and light source 

Cable should run from 
“video out” on primary 
monitor to “video in” 
on secondary monitor 
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Table 1.1. continued 



Problem 


Cause 


Solution 


6. Poor-quality pic- 
ture: 

a. Fogging, haze 


Condensation on lens 
of cold scope entering 
warm abdomen. 


Gently wipe lens on 
viscera; use anti-fog 
solution, or warm wa- 
ter; it is preferred not to 
wipe the lens on the 
viscera or the end of 
the telescope may get 
hot; gently wiping on 
liver or uterine surface 
is preferable 




Condensation on scope 
eyepiece, camera lens, 
coupler lens 


Detach camera from 
scope (or camera from 
coupler), inspect and 
clean lens as needed 


b. Flickering elec- 
trical interference 


Moisture in camera ca- 
ble connecting plug 


Use compressed air to 
dry out moisture (don’t 
use cotton-tip applica- 
tors on multiprong 
plug) 




Poor cable shielding 


Replace video cable 
between monitors 




Insecure connection of 
video cable between 
monitors 


Reattach video cable at 
each monitor 


c. Blurring, distor- 
tion 


Incorrect focus 


Adjust camera focus 
ring 




Cracked lens, internal 
moisture 


Inspect scope and cam- 
era, replace as needed 


7. Inadequate suc- 
tion/irrigation 


Occlusion of tubing 
(kinking, blood clot, 
etc.) 


Inspect full length of 
tubing; if necessary, 
detach from instrument 
and flush tubing with 
sterile saline 




Occlusion of valves in 
suction/irrigator device 


Detach tubing, flush 
device with sterile sa- 
line 
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Table 1.1. continued 



Problem 


Cause 


Solution 




Not attached to wall 
suction 


Inspect and secure suc- 
tion canister connec- 
tors, wall source con- 
nector 




Irrigation fluid con- 
tainer not pressurized 


Inspect compressed gas 
source, connector, 
pressure dial setting 


8. Absent/inadequate 
cauterization 


Patient not grounded 
properly 


Assure adequate pa- 
tient grounding pad 
contact, and pad cable- 
electro-surgical unit 
connection 




Connection between 
electrosurgical unit and 
pencil not secure 


Inspect both connect- 
ing points 




Foot pedal or hand- 
switch not connected to 
electrosurgical unit 


Make connection 



D. Selected References 

SAGES Continuing Education Committee. Laparoscopy Troubleshooting Guide. 
SAGES, 1993. 

Sony Corporation. Rear panel diagram for Trinitron Color Video Monitor, 1995. 
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A. Preparation for Surgery 

Patient preparation, like much of surgery, must be individualized based 
upon the procedure planned and the physiologic status of the patient. Special 
considerations for particular procedures are given in Sections II to IX. 

1. All patients undergoing elective laparoscopy should be NPO 
(nothing per mouth) after midnight. 

2. A minimal bowel preparation is desirable to ensure that the gas in 
the gastrointestinal tract has been evacuated. A preoperative enema is 
advised for laparoscopic cholecystectomy. 

3. If the patient has undergone preoperative gastrointestinal endoscopy, 
such as endoscopic retrograde cholangiopancreatography (ERCP), 
significant distention of small and large intestine may hamper lapa- 
roscopy. A more vigorous bowel preparation may be required to 
thoroughly evacuate this gas. An abdominal radiograph is a useful 
adjunct to physical examination and serves to confirm adequacy of 
bowel preparation. Nasogastric suction may be needed if ileus is a 
factor. 

4. In patients with inadequate motility, 10 mg of Reglam followed by a 
rectal suppository may help ensure evacuation of gas. Occasionally it 
is necessary to leave a rectal tube in place, and allow the pressure of 
the pneumoperitoneum to assist in pushing gas out of the colon. If 
distention persists, consider using an open (Hasson) technique for ac- 
cess (see Chapter 4, section C, “Open” Technique with Hasson Can- 
nula). 

5. Inform the patient about the planned procedure, potential complica- 
tions, and alternatives. 

6. Obtain informed consent not only for the proposed procedure but 
also for laparotomy and any open surgical procedure that may be re- 
quired. Document the patient’s understanding of and consent to the 
planned procedure and the possible open operation, as well as clear 
understanding of potential complications and alternative methods of 
treatment. 

7. Laboratory studies, electrocardiogram, and other preoperative 
workup should be performed on an individualized basis. 

8. For many laparoscopic surgical procedures, a type and screen 
specimen should be sent to die blood bank so that blood is readily 
available in the rare event it should be needed. 

9. Elective laparoscopic procedures are most commonly performed as 
short stay or ambulatory surgical procedures. Patient education is 
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critically important and should begin in the office or clinic when the 
patient is scheduled for surgery. 



B. Patient Preparation in the Operating Room 

When the patient has gone into the operating room and is placed on the op- 
erating table, take care to pad all the nerve compression points. Make certain 
that the sheets are not bunched up underneath the back or in the gluteal area, 
which may compress the skin and produce pressure ulcerations. Untie any 
knots in the gown, and remove anything that could produce a lump or bump 
under the patient. Additional items to attend to include: 

1 . Sequential compression devices are applied to the lower limbs. 

2. Place a foot board, if reverse Trendelenburg position is planned (for 
example, for laparoscopic cholecystectomy), with adequate padding 
to prevent pressure on the feet. 

3. Place an egg-crate mattress or other padding device underneath the 
heels to prevent compression changes in the heel area. 

4. Place the grounding plate (patient return electrode) away from any 
plates and screws in the lower limbs. 

5. Properly pad all bony points. 

6. Place a Foley catheter to evacuate the bladder, if desired. 

7. Place a retaining strap around the abdomen. 

8. Consider arm position. Depending upon the procedure, the size of 
the patient, and the needs of the anesthesia team, one or both arms 
may need to be extended on arm boards. For laparoscopic cholecys- 
tectomy, the left arm may be extended and instruments placed on top 
of the sheets over the left arm. In general, access is better if the arms 
are tucked. This is crucial for procedures in the mid- or lower abdo- 
men. 

9. For some procedures, such as laparoscopic hiatal hernia repair, some 
surgeons prefer the so-called European position (where the patient is 
placed in a semi-lithotomy position (frog position) and the surgeon 
stands between the legs. In this case, the legs must be carefully posi- 
tioned and padded to avoid pressure complications. 

10. Similarly, for procedures requiring a combined lithotomy- 
Trendelenburg position with elevation of the legs into stirrups, such 
as laparoscopic proctectomy, it is extremely important to pad and 
protect the lower extremities. Check and recheck the adequacy of this 
padding. Sometimes shoulder restraints may be needed. 

1 1 . Place a nasogastric or orogastric tube to deflate the stomach before 
Veress needle puncture. 
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A. Preoperative Considerations 

Before surgery, patients should be evaluated by a qualified anesthesia pro- 
vider (Table 3.1). 

Table 3.1. Preoperative evaluation for laparoscopic surgery 

Systems affected by pneumoperitoneum 

• Airway 

• Respiratory system 

• Cardiovascular system 
Other relevant systems 

• Central nervous system 

• Endocrine system 

• Gastrointestinal system 
Other relevant history 

• Past anesthetic experience 

• Past anesthetic family history 

• Allergies (particularly to local anesthetics) 

• Medications 



Patients with compromised cardiac and respiratory systems present a par- 
ticular challenge. The mechanical effect of pneumoperitoneum, neuroendocrine 
changes, and absorbed CO^ all influence the physiologic response (see Section 
5.1.2, Physiologic Changes). The advantages and disadvantages of laparoscopic 
versus an open procedure should be assessed with specific reference to the 
condition of the heart and lungs. 

Most laparoscopic surgery is done on a short-stay or outpatient basis. 
These specific goals should be kept in mind: 

1. Prevent postoperative nausea and vomiting (PONV). Prophylactic 
antiemetics such as droperidol, metoclopramide, or ondansetron are 
effective. Timing of administration is crucial for success. For exam- 
ple, ondansetron (4 mg i.v.) is most effective when administered im- 
mediately before the end of laparoscopic surgery. 

2. Rapid emergence from anesthesia. 

3 . Minimal postoperative pain. 
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B. Choice of Anesthetic and Specific 
Considerations 

Laparoscopic surgery may be done with general, regional, or even local an- 
esthesia. The choice of anesthesic and specific anesthesia considerations for 
each modality are briefly discussed here. 

1. General anesthesia with endotracheal (ET) tube allows excellent 
airway protection and compensation for hypercarbia. Specific consid- 
erations when laparoscopy is performed under general anesthesia in- 
clude: 

a. Airway protection with an ET tube is important because high 
intra-abdominal pressure may cause reflux of gastric contents 
and lead to aspiration. A face mask or laryngeal mask airway 
may be adequate for short diagnostic procedures (low insuffla- 
tion pressures) by surgeons with considerable experience. A 
history of hiatus hernia or gastroesophageal reflux is an absolute 
contraindication to performing a general anesthetic without 
protecting the airway with a cuffed endotracheal tube. 

b. Increase ventilation to maintain normocapnia in the presence of 
increased CO^ absorption from peritoneal surfaces. 

c. Muscle relaxation is obtained by the use of nondepolarizing 
agents in addition to adequate depth of anesthesia. The choice of 
muscle relaxants depends on the length of surgery and the medi- 
cal condition of the patient. Inadequate muscle relaxation is one 
of the major causes of inability to attain adequate pneumoperi- 
toneum within the pressure set-point of the insufflator. 

d. The use of nitrous oxide is controversial. Recent blinded studies 
suggest no difference in bowel distention with and without ni- 
trous oxide. However, it is reasonable to discontinue nitrous 
oxide if the intra-abdominal viscera are noted to be distended. 
Nitrous oxide may reach concentrations that support combustion 
within the bowel lumen; this is a potential explosion hazard. 

2. Regional anesthesia may be an appropriate technique for brief pro- 
cedures that can be performed with lower insufflation pressures. 
Numerous difficulties can occur with regional anesthesia for lapa- 
roscopy. First, interventional laparoscopy requires a high level of 
sensory block (T4-T5). Regional anesthesia to this level also pro- 
duces significant sympathetic blockade, causing hypotension. 
Breathing difficulties due to a high block may cause considerable 
discomfort and breathing difficulties in an awake patient whose dia- 
phragm is already stretched and elevated because of the pneumo- 
peritoneum. Laparoscopic procedures require several changes of pa- 
tient position during the procedure. This may cause cardiovascular 
instability in a patient whose hemodynamic compensatory mecha- 
nisms have been limited by the sympathectomy of regional anesthe- 
sia. The successful use of a regional anesthetic (spinal or epidural 
anesthesia) depends on: 
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a. Patient acceptance. 

b. The absence of contraindications, which include: 

i. hypovolemia 

ii. bleeding disorders 

iii. infection that is close to the lumbar puncture site 

iv. peripheral neurological disease 

V. allergy to the local anesthetic agent 

c. The duration of the procedure. 

d. The skill and expertise of the surgeon and anesthesiologist. 

3. Local anesthesia — Simple diagnostic laparoscopy and some brief 
laparoscopic procedures may be performed under local anesthesia. 
Attention to some technical points are important for this to be suc- 
cessful. Local anesthesia is contraindicated in the uncooperative pa- 
tient, when a prolonged procedure is planned, or when the patient is 
allergic to local anesthetics. 

a. Raise a skin wheal at the initial puncture site. 

b. Infiltrate a cone down to the peritoneal level, including gener- 
ous infiltration of the peritoneum. 

c. Ask the patient to tense up the abdominal wall, to provide resis- 
tance to the Veress needle. Alternatively, use an open technique 
with a Hasson cannula. 

d. Insufflate slowly and limit insufflation pressure to less than 
10 to 12 mm if possible. 

e. Reflex bradycardia may occur, necessitating release of pneu- 
moperitoneum or treatment with atropine. 

f. Infiltrate the second and any additional puncture sites to the 
peritoneal level under direct vision. Raise a wheal above the 
peritoneum by injecting local anesthesia into the preperitoneal 
space. 



C. Monitoring and Safety Considerations 

Basic ASA (American Society of Anesthesiologists) monitors include: 

1 . Breath sounds (precordial or esophageal stethoscope) 

2. Electrocardiogram (continuous) 

3. Blood pressure, pulse (continuous, noninvasive) 

4. Continuous oxygen saturation (pulse oximeter) 

5. Expired carbon dioxide (capnograph) 

6. Temperature 

Additional monitoring depends on the general condition of the patient and 
the complexity of the procedure, and invasive monitoring may be used for 
sicker patients and complex procedures. An indwelling bladder catheter and a 
nasogastric tube are important to decrease the chances of injury to the urinary 
bladder and stomach. 

Fire prevention is a crucial safety consideration. The operating room is an 
oxygen-rich environment. The ends of fiberoptic light cables become extremely 
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hot and can ignite drapes. This is particularly prone to happen at the beginning 
or end of the surgical procedure, when everyone is occupied with getting the 
case started or the room turned around. Simple preventive measures include 
never leaving the light source turned on unless a laparoscope is connected to 
the light cable. 



D. Intraoperative Considerations 

1. Physiologic changes associated with pneumoperitoneum are summa- 
rized in Table 3.2 and discussed in greater detail in Section 5.1.2 

(Physiologic Changes). 

2. Signs of deteriorating cardiopulmonary function include: 

a. gradual or sudden drop in systemic blood pressure or increasing 
difficulty in maintaining a normal blood pressure 

b. decreased percent oxygen saturation 

c. pulse rate may increase, decrease, or remain the same 

3. The differential diagnosis of some important clinical findings during 

laparoscopic surgery: 

a. Hypercapnia is usually due to venous absorption of CO^. How- 
ever, this condition may also be due to pneumothorax or right 
main stem intubation if the peak airway pressure is also in- 
creased. 

b. Hypoxia may result from right main stem bronchus intubations, 
pneumothorax, venous carbon dioxide embolism, or pulmonary 
edema. 

c. Tachycardia and hypertension: Light anesthesia, hypoxia, and 
hypercapnia must be ruled out first. These conditions may be 
treated with increments of esmolol (short acting P blocker) or 
labetalol (a mixed a and P blockers). 

4. Serious intraoperative problems include: 

a. COj embolism. This serious complication is diagnosed by a 
sudden decrease in end-expired CO 2 partial pressure and a rapid 
decrease in pulse oximetry values. Despite the fact that CO 2 is 
highly soluble in plasma, this may be a life-threatening compli- 
cation if the volume of intravascular gas is large. Precordial 
Doppler monitoring and transesophageal echocardiography are 
very sensitive monitors of intravascular gas but are not routinely 
used during laparoscopy. Use might be considered when it is 
anticipated that during the course of the surgery a large raw area 
will be exposed to high gas pressures or when the surgical field 
is vascular in a hypovolemic patient. 
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Table 3 . 2 . Physiologic changes associated with pneumoperitoneum and their 
implications for anesthesia management 



Change 


Physiologic 

consequence 


Implication for 
management 


• Elevation of dia- 
phragm 


• Decreased func- 
tional residual 
capacity 

• Increased venti- 
lation-perfusion 
mismatch 

• Increased 
intrapulmonary 
shunting 

• Increased alveo- 
lar-arterial gradi- 
ent of oxygen 
partial pressures 


• Increase me- 
chanical ventila- 
tion and Fi02 


• Decreased ve- 
nous return with 
increased cardiac 
filling pressures 


• Initial decrease in 
cardiac index 

• Cardiac index 
then increases 

• Cardiac axis of 
heart shifts, 
causing electro- 
cardiographic al- 
terations 


• Adequate volume 
load 


• Carbon dioxide 
load 


• CO2 absorbed by 
peritoneum must 
be excreted by 
lungs 

• Respiratory aci- 
dosis if CO2 not 
adequately elimi- 
nated 


• Increase me- 
chanical ventila- 
tion 



b. Pneumothorax. The diagnosis is made by the finding of sudden 
increase in airway pressure, desaturation, and increase in end- 
expiratory values of C02partial pressures. 

c. Main stem bronchus intubations may occur if the tip of the 
endotracheal tube is close to the carina. Pneumoperitoneum will 
move the diaphragm and tracheobronchial tree cephalad. 

d. Other complications include subcutaneous emphysema, and fa- 
cial and airway swelling (if the patient was kept in Trendelen- 
burg position for prolonged periods of time). 
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E. Pain Management 

Pain is at its worst during the first 3 to 4 hours postoperatively and contrib- 
utes a great deal to the occurrence of PONV in laparoscopic cholecystectomy. 

1 . Opioids are the mainstay of postoperative pain control. 

2. Because postoperative pain is produced by surgical tissue injury, 
stimulation of pain receptors, and activation of central pain pathways, 
a multimodal approach appears logical and is reported to be highly 
effective. This approach includes: 

a. Intramuscular administration of ketoralac and meperidine pre- 
operatively. The influence of ketoralac on coagulation mecha- 
nisms may limit its use. 

b. InHltration of the wound sites with a long-acting local anes- 
thetic, e.g., 0.25% bupivacaine (about 10 minutes before inci- 
sion). 

c. Intraperitoneal instillation of bupivacaine provides pain relief 
following laparoscopic gynecologic procedures but not follow- 
ing laparoscopic gallbladder resection. 

d. Finally, evacuating gas from the peritoneal cavity at the end 
of procedure is important since residual pneumoperitonium 
contributes to the occurrence of postoperative pain. 
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A. Equipment 

Two pieces of equipment are needed to gain access to the abdomen: an in- 
sufflator and a Veress needle (or Hasson cannula, see section C). 

1. Insufflator 

Turn the insufflator on and check the COj cylinder to ascertain that it con- 
tains sufficient gas to complete the procedure. If there is any doubt, bring an 
extra CO^ container into the OR. In any event, always keep a spare tank of CO^ 
immediately available. 

Check the insufflator to assure it is functioning properly. Connect the ster- 
ile insufflation tubing (with in-line filter) to the insufflator. Turn the insufflator 
to high flow (>6 L/min); with the insufflator tubing not yet connected to a Ver- 
ess needle, the intra-abdominal pressure indicator should register 0 (Fig. 4.1). 




Figure 4.1. Insufflator testing. With insufflator tubing open (i.e., not con- 
nected to Veress needle) and flow rate set at 6 L/min, the intra-abdominal pres- 
sure reading obtained through the open insufflation line should be 0 mm Hg. 
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Lower the insufflator flow rate to 1 L/min. Kink the tubing to shut off the 
flow of gas. The pressure indicator should rapidly rise to 30 mm Hg and flow 
indicator should go to zero (Fig. 4.2). The pressure/flow shutoff mechanism is 
essential to the performance of safe laparoscopy. These simple checks verify 
that it is operating properly. 

Next, test the flow regulator at low and high inflow. With the insufflator 
tubing connected to the insufflator and the Veress needle (before abdominal 
insertion), low flow should register 1 L/min and at high flow should register 2 
to 2.5 L/min; measured pressure at both settings should be <3 mm Hg. A pres- 
sure reading >3 mm Hg indicates a blockage in the insufflator tubing or the hub 
or shaft of the Veress needle; if this occurs, replace the needle. Maximal flow 
through a Veress needle is only about 2.5 L/min, regardless of the insufflator 
setting, because it is only 14 gauge. A Hasson cannula has a much larger inter- 
nal diameter and can immediately accommodate the maximum flow rate of 
most insufflators (i.e., >6 L/min). 

During most laparoscopic procedures, the pressure limit should be set at 12 
to 15 mm Hg; intra-abdominal pressures higher than this limit can diminish 
visceral perfusion and vena caval return. 




Figure 4.2. Insufflator testing.With the insufflation tubing kinked, the intra- 
abdominal pressure should rapidly rise (e.g., 30 mm Hg), thereby exceeding the 
preset 15 mm Hg pressure set point. The flow of CO 2 should immediately cease 
(0 L/min) and an alarm should sound. 



2. Veress needle 

Both disposable and reusable (nondisposable) Veress needles are available. 
The former is a one-piece plastic design (external diameter, 2 mm; 14 gauge; 
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length, 70 or 120 mm), whereas the latter is made of metal and can be disas- 
sembled. Check the Veress needle for patency by flushing saline through it. 
Then occlude the tip of the needle and push fluid into the needle under moder- 
ate pressure to check for leaks. Replace a disposable Veress needle if it leaks; 
check the screws and connections on a reusable Veress needle. 

Next, push the blunt tip of the Veress needle against the handle of a knife 
or a solid, flat surface to be certain that the blunt tip will retract easily and will 
spring forward rapidly and smoothly (Fig. 4.3). A red indicator in the hub of 
the disposable needle can be seen to move upward as the tip retracts. 







Figure 4.3. Testing retractable tip of disposable Veress needle. A. Blunt tip 
retracts as it contacts resistance (e.g., a knife handle). B. When the needle is 
pulled away from the point of resistance, the blunt tip springs forward and pro- 
trudes in front of the sharp edge of the needle. 



B. “Closed” Technique with Veress Needle 

1 . Umbilical puncture 

Place the supine patient in a 10- to 20-degree head-down position. If there 
are no scars on the abdomen, choose a site of entry at the superior or inferior 
border of the umbilical ring (Fig. 4.4). There are several ways to immobilize 
the umbilicus and provide resistance to the needle. The inferior margin of the 
umbilicus can be immobilized by pinching the superior border of the umbilicus 
between the thumb and forefinger of the nondominant hand and rolling the 
superior margin of the umbilicus in a cephalad direction. Alternatively, in the 
anesthetized patient, a small towel clip can be placed on either side of the upper 
margin of the umbilicus; this makes it a bit easier to stabilize the umbilicus and 
lift it upward. 
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Figure 4.4. Site of Veress needle insertion at superior crease of umbilicus; stab 
incision has been made. Transverse oblique section at superior crease of um- 
bilicus; the peritoneum is closer to the skin at the umbilicus and is more 
densely adherent to the umbilicus than at any other site along the abdominal 
wall. 



Next, make a stab incision in the midline of the superior or inferior margin 
of the umbilicus. With the dominant hand, grasp the shaft (not the hub) of the 
Veress needle like a dart and gently pass the needle into the incision — either at 
a 45-degree caudal angle to the aMominal wall (in the asthenic or minimally 
obese patient) or perpendicular to die abdominal wall in the markedly obese 
patient. There will be a sensation of initial resistance, followed by a give, at 
two points. The first point occurs as the needle meets and traverses the fascia 
and the second as it touches and traverses the peritoneum (Fig. 4.5). As the 
needle enters the peritoneal cavity, a distinct click can often be heard as the 
blunt-tip portion of the Veress needle springs forward into the peritoneal cavity. 

Connect a 10-ml syringe containing 5 ml of saline to the Veress needle. 
There are five tests that should be performed in sequence to confirm proper 
placement of the needle. 

a. Aspirate to assess whether any blood, bowel contents, or urine enter the 
barrel of the syringe. 

b. Instill 5 ml of saline, which should flow into the abdominal cavity without 
resistance. 

c. Aspirate again. If the peritoneal cavity has truly been reached, no saline 
should return. 

d. Close the stopcock and disconnect the syringe from the Veress needle, 
then open the stopcock and observe as any fluid left in the hub of the sy- 
ringe falls rapidly into the abdominal cavity (especially if the abdominal 
wall is elevated slightly manually). This is the so-called drop test. If free 
flow is not present, the needle is either not in the coelomic cavity, or it is 
adjacent to a structure. 
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e. Finally, if the needle truly lies in the peritoneal cavity, it should be possi- 
ble to advance it 1 to 2 cm deeper into the peritoneal cavity without en- 
countering any resistance. Specifically, the tip indicator or the hub of the 
needle should show no sign that the blunt tip of the needle is retracting, 
thereby indicating the absence of fascial or peritoneal resistance. 





Figure 4.5. A. Veress needle inserted at umbilicus (sagittal view; the blunt tip 
retracts as it encounters the fascia of the linea alba. B. As the sharp edge of the 
needle traverses the fascia, the blunt tip springs forward into the preperitoneal 
space and then retracts a second time as it encounters the peritoneum. C. Blunt 
tip springs forward as Veress needle passes across the peritoneum to enter the 
abdominal cavity. 
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Always be cognizant of anatomic landmarks when placing the needle, and 
carefully stabilize the needle during insufflation. Minimize side-to-side and 
back-and-forth movements of the needle to avoid inadvertent injuries. 

After ascertaining that the tip of the Veress needle lies in the peritoneal 
cavity, connect the insufflation line to the Veress needle. Turn the flow of CO^ 
to 1 L/min, and reset the indicator on the machine for total CO 2 infused to 0. 
The pressure in the abdomen during initial insufflation should always register 
less than 10 mm Hg (after subtracting any pressure noted when the needle was 
tested by itself and with the insufflator) (Fig. 4.6). 

If high pressures are noted or if there is no flow because the 15 mm Hg 
limit has been reached, gently rotate the needle to assess whether the opening in 
the shaft of the needle is resting against the abdominal wall, omentum, or the 
bowel. The opening is on the same side of the needle as the stopcock. If the 
abdominal pressure remains high (i.e., needle in adhesion, omentum, or pre- 
peritoneal space), withdraw the needle and make another pass of the Veress 
needle. If necessary, repeat this process several times until you are certain that 
the needle resides within the peritoneal cavity. Do not continue insufflation if 
you are uncertain about the appropriate intraperitoneal location of the tip of the 
Veress needle. Multiple passes with the Veress needle are not problematic, 
provided the error is not compounded by insufflating the “wrong” space. 

One of the first signs that the Veress needle lies freely in the abdomen is 
loss of the dullness to percussion over the liver during early insufflation. When 
the needle is correctly placed, the peritoneum should effectively seal off the 
needle around the puncture site; if CO 2 bubbles out along the needle’s shaft 
while insufflating, suspect a preperitoneal location of the needle tip. During 
insufflation, a previously unoperated abdomen should appear to expand sym- 
metrically, and there should be loss of the normal sharp contour of the costal 
margin. 




Figure 4.6. Initial insufflation readings: proper inflow at beginning of CO^- 
Veress needle insufflation. 
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Monitor the patient’s pulse and blood pressure closely for a vagal reaction 
during the early phase of insufflation. If the pulse falls precipitously, allow the 
CO 2 to escape, administer atropine, and reinstitute insufflation slowly after a 
normal heart rate has returned. 

After 1 L of CO 2 has been insufflated uneventfully, increase the flow rate 
on the insufflator to >6 L/min (Fig. 4.7). Once the 15 mm Hg limit is reached, 
the flow of CO 2 will be cut off. At this point approximately 3 to 6 L of CO^ 
should have been instilled into the abdomen (Fig. 4.8). When percussed, the 
abdomen should sound as though you are thumping a ripe watermelon. 





Figure 4.8. At 15 mm Hg intra-abdominal pressure, 3 to 6 L of CO^ will usually 
have been insufflated; the registered flow should then fall to 0. 







4. Access to Abdomen 



29 



2. Alternate Puncture Sites 

Prior abdominal surgery mandates care in selection of the initial trocar site, 
and may prompt consideration of use of the open technique (see section C). If 
the previous incisions are well away from the umbilicus, the umbilical site may 
still be used, with either a closed or open technique. 

A midline scar in the vicinity of the umbilicus increases the risk that adhe- 
sions will be tethering intra-abdominal viscera to the peritoneum at that level. 
In this situation, the closed technique may still be used, but it is safer to use an 
alternate insertion site. This site should be well away from the previous scar 
and lateral to the rectus muscles, to minimize the thickness of abdominal wall 
traversed and avoid the inferior epigastric vessels. 

In general, patients with prior low vertical midline scars should be ap- 
proached through a trocar placed at the lateral border of the rectus muscle in 
either the left or right upper quadrant (Fig. 4.9). With previous upper vertical 
midline incision or multiple incisions near the midline, the right lower quadrant 
site may be appropriate. Alternatively, it is possible to perform an open tech- 
nique with the Hasson cannula. 

Upper abdomen: In the upper abdomen, the subcostal regions are good 
choices. Carefully percuss the positions of the liver and spleen to avoid inad- 
vertent injury to these organs, and decompress the stomach with a nasogastric 
or orogastric tube. 

Lower abdomen: The right lower quadrant, near McBumey’s point, is 
preferable to the left because many individuals have congenital adhesions be- 
tween the sigmoid colon and anterior abdominal wall. Decompress the bladder 
when using a closed insertion technique at, or caudad to, the umbilicus. 

3 . Placement of Trocar 

A wide variety of trocars are available in both disposable and reusable 
forms. Most have sharp tips of either a tapered conical or pyramidally faceted 
configuration. Several new disposable trocar designs incorporate unique design 
features such as direct serial incision of the tissue under visual control, or serial 
dilatation of the Veress needle tract. This section describes blind entry with the 
basic sharp trocar, with or without a “safety shield.” 

Always inspect the trocar to ensure that all valves move smoothly, that the 
insufflation valve is closed (to avoid losing pneumoperitoneum), and that any 
safety shields work properly. Make sure you are familiar with the trocar; with 
the variety of designs available, it is not uncommon to be handed a different 
device (especially if it is less costly!). 

Once you have attained a full pneumoperitoneum, remove the Veress nee- 
dle. Most surgeons augment the pneumoperitoneum by lifting up on the fascia 
or abdominal wall to provide additional resistance against which to push the 
trocar. In a slender individual, the distance to the viscera and retroperitoneal 
structures is slight, and it is prudent to aim the trocar down into the pelvis. In an 
obese patient, this is less of a problem and the trocar may be passed in a more 
direct path. There should be moderate resistance as the trocar is inserted. Ex- 
cessive resistance may indicate that the trocar is dull or the safety shield (if one 
is present) has not released, or that the skin incision is too small. The resistance 
suddenly decreases when the peritoneum is entered. Open the stopcock briefly 
to confirm intraperitoneal placement by egress of CO^. Insert the laparoscope 
and visually confirm entry. Connect the insufflator tubing and open the valve to 
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restore full pneumoperitoneum. Subsequent trocars may be placed under direct 
vision. 

If the trocar has been placed preperitoneally, it is rarely possible to redirect 
it. Time is often saved in this situation by converting to an open technique for 
placement of the initial trocar. 




Figure 4.9. Optional trocar sites in previously operated abdomen. Consider the 
open-cannula technique. 
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C. “Open” Technique with Hasson Cannula 

The open (e.g., Hasson) cannula provides the surgeon with an alternative, 
extremely safe method to enter the abdomen, especially in a patient who has 
previously undergone intra-abdominal procedures. In these patients in particu- 
lar, the blind insertion of a trocar would be fraught with the potential for injury 
to the abdominal viscera. Some surgeons use the open cannula routinely in all 
patients for placement of the initial umbilical trocar. 

The open cannula consists of three pieces: a cone-shaped sleeve, a metal or 
plastic sheath with a trumpet or flap valve, and a blunt-tipped obturator (Fig. 
4.10). On the sheath or on the cone-shaped sleeve, there are two struts for af- 
fixing two fascial sutures. The cone-shaped sleeve can be moved up and down 
the sheath until it is properly positioned; it can then be tightly affixed to the 
sheath. The two fascial sutures are then wrapped tightly around the struts, 
thereby firmly seating the cone-shaped sleeve into the fasciotomy and peritone- 
otomy. This creates an effective seal so the pneumoperitoneum will be main- 
tained. 

Make a 2- to 3-cm transverse incision at the selected entry site (in the quad- 
rant of the abdomen farthest away from any of the preexisting abdominal scars 
or in the periumbilical skin crease if there has been no prior midline surgery). 
Dissect the subcutaneous tissue with scissors, and identify and incise the un- 
derlying fascia (Fig. 4.11). Gently sweep the preperitoneal fat off the perito- 
neum in a very limited area. Grasp the peritoneum between hemostats and open 
sharply. This incision should be Just long enough to admit the surgeon’s index 
finger. Confirm entry into the abdominal cavity visually and by digital palpa- 
tion, to ensure the absence of adhesions in the vicinity of the incision. Place a 
0-absorbable suture on either side of the fascial incision. Some surgeons place 
the fascial sutures first, use these to elevate the fascia, and then make the fascial 
incision. 




Figure 4.10. Open (Hasson) cannula; reusable type. 
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Figure 4.11. A. Retractors expose peritoneum. B. Peritoneum is elevated and 
sharply incised. Two fascial sutures are secured to the struts on the sheath of 
the open cannula. The cone-shaped sleeve is then pushed firmly into the inci- 
sion and the setscrew is tightened, thereby fixing the sleeve to the sheath of the 
open cannula. The sutures are wound tightly around the struts on the sheath, 
thereby securing it in place and sealing the incision. 
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Insert the completely assembled open cannula through the peritoneotomy 
with the blunt tip of the obturator protruding. Once the obturator is well within 
the abdominal cavity, advance the conical collar of the open cannula down the 
sheath until it is firmly seated in the peritoneal cavity. Secure the collar to the 
sheath with the setscrew. Next, twist or tie the two separate fascial sutures 
around the struts on the sheath or collar of the open cannula, thereby fixing the 
cannula in place. Connect the CO 2 line to the sidearm port of the cannula and 
withdraw the blunt-tipped obturator. Establish pneumoperitoneum with the 
insufflator set at high flow. Increase intra-abdominal pressure to 12 to 15 mm 
Hg. 

With facility, it is possible to establish pneumoperitoneum just as fast (or 
faster) with the open technique as can be done with Veress needle and “closed” 
trocar passage. Indeed, many surgeons consider this to be the safest way to 
establish pneumoperitoneum. 

If a Hasson cannula is not available, a standard cannula from an open trocar 
can be placed by an open technique. In this case, place two concentric purse- 
string monofilament sutures in the midline fascia and make an incision into the 
free peritoneal cavity through the center of the purse strings. Keep both sutures 
long, and pass the tails of each suture through a 3-cm segment of a red rubber 
catheter, thereby creating two modified Rummel tourniquets. Place a standard 
laparoscopic sheath (with the sharp-tipped trocar removed), cinch the purse- 
string sutures against the sheath, and secure by placing a clamp on the red rub- 
ber catheter. At the conclusion of the operation, close the fascia by simply tying 
the sutures. 



D. Avoiding, Recognizing, and Managing 
Complications 

1 . Bleeding from abdominal wail 

a. Cause and prevention: This problem usually manifests itself as 
a continuous stream of blood dripping from one of the trocars, 
and/or as blood seen on the surface of the abdominal viscera or 
omentum. Less commonly, delayed presentation as a hematoma 
of the abdominal wall or rectus sheath may occur. This source of 
bleeding is usually the inferior epigastric artery or one of its 
branches. Abdominal wall hemorrhage may be controlled with a 
variety of techniques, including application of direct pressure 
with ^e operating port, open or laparoscopic suture ligation, or 
tamponade with a Foley catheter inserted into the peritoneal 
cavity (Fig. 4.12). 

b. Recognition and management: To determine the point at 
which the vessel is injured, cantilever the trocar into each of four 
quadrants until the flow of blood is noted to stop. Then place a 
suture in such a manner that it traverses the entire border of the 
designated quadrant. Specialized devices have been made that 
facilitate placement of a suture, but are not always readily avail- 
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able. The needle should enter the abdomen on one side of the 
trocar and exit on the other side, thereby encircling the full 
thickness of the abdominal wall. This suture can either be passed 
percutaneously using a large curved #1 absorbable suture as 
monitored endoscopically, or using a straight Keith needle 
passed into the abdomen and then back out using laparoscopic 
grasping forceps. The suture, which encircles the abdominal 
wall, is tied over a gauze bolster to tamponade the bleeding site. 





B 

Figure 4.12. A. Bleeding from a trocar site. B. Cantilevering the sheath into 
each quadrant to find a position that causes the bleeding to stop. When the 
proper quadrant is found, pressure from the portion of the shea^ within the 
abdomen tamponades the bleeding vessel, thus stopping the bleeding. A stitch 
can then be passed under laparoscopic guidance. 
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2. Visceral injury 

a. Cause and prevention; Careful observation of the steps enu- 
merated above will minimize the chance of visceral injury. 
However, placement of the Veress needle is a blind maneuver, 
and even with extreme care puncture of a hollow viscus is still 
possible. 

b. Recognition and management: If aspiration of the Veress nee- 
dle returns yellowish or cloudy fluid, the needle is likely in the 
lumen of the bowel. Due to the small caliber of the needle itself, 
this is usually a harmless situation. Simply remove the needle 
and repuncture the abdominal wall. After successful insertion of 
the laparoscope, examine the abdominal viscera closely for sig- 
nificant injury. 

If, however, the laparoscopic trocar itself lacerates the bowel, there are four 
possible courses of action, depending on the surgeon’s experience: formal open 
laparotomy and bowel repair or resection; laparoscopic suture repair of the 
bowel injury; laparoscopic resection of the injured bowel and reanastomosis; 
minilaparotomy, using an incision just large enough to exteriorize the injured 
bowel segment for repair or resection and reanastomosis (similar to the tech- 
nique of laparoscopic-assisted bowel resection). If possible, leave the trocar in 
place to assist in identifying the precise site of injury. 

3. Major vascular injury 

a. Cause and prevention; Major vascular injury can occur when 
the sharp tip of the Veress needle or the trocar nicks or lacerates 
a mesenteric or retroperitoneal vessel. It is rare when the open 
(Hasson cannula) technique is used. 

b. Recognition and management: If aspiration of the Veress nee- 
dle reveals bloody fluid, remove the needle and repuncture the 
abdomen. Once access to the abdominal cavity has been 
achieved successfully, perform a full examination of the retro- 
peritoneum to look for an expanding retroperitoneal hematoma. 

If there is a central or expanding retroperitoneal hematoma, laparotomy 
with retroperitoneal exploration is mandatory to assess for and repair major 
vascular injury. Hematomas of the mesentery and those located laterally in the 
retroperitoneum are generally innocuous and may be observed. If during closed 
insertion of the initial trocar there is a rush of blood through the trocar with 
associated hypotension, leave the trocar in place (to provide some tamponade 
of hemorrhage and assist in identifying the tract) and immediately perform 
laparotomy to repair what is likely to be an injury to the aorta, vena cava, or 
iliac vessels. 
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5.1. Pneumoperitoneum 
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A. Choice of Insufflating Gases 

Understanding the physiology of pneumoperitoneum is essential for per- 
forming laparoscopy in a safe manner. This section first describes the charac- 
teristics of the ideal insufflating agent, and the advantages and disadvantages of 
various gases that have been used for this purpose. The second part of this sec- 
tion describes the physiologic changes observed with carbon dioxide pneumo- 
peritoneum, the most common agent used in the United States. 

Air was the first gas used to produce pneumoperitoneum, but has largely 
been abandoned for this purpose. 

1 . The main disadvantage of air is the risk of air embolism. Air embo- 
lism is the introduction of air into the venous or arterial circulatory 

system. 

a. During laparoscopy, venous embolism is the most likely mecha- 
nism for air embolism to occur, as small veins are inevitably 
transected during the procedure. 

b. Venous air embolism may reduce or stop the flow of blood 
through the heart, or may cause neurological complications. 
Death occurs because an airlock forms in the right ventricle, and 
the heart compresses the air rather than pumping blood. It is es- 
timated that as little as 300 ml of venous air can be fatal. 

c. Arterial air embolism occurs when air enters the left side of the 
heart, and then enters the aorta. Subsequently the air may flow 
into the coronary or cerebral circulation. Experiments have 
shown that as little as 1 ml of air in the coronary circulation can 
lead to death. 

2. Characteristics of the ideal insufflating agent 

a. The ideal agent for insufflation during laparoscopic procedures 
should be colorless, physiologically inert, and nonexplosive in 
the presence of electrocautery or laser coagulation. 

b. The agent’s solubility in tissues should be low, conserving use 
and simplifying the maintenance of pneumoperitoneum for op- 
eration. 

c. Solubility in blood should be high, minimizing the effects of in- 
advertent injection of the gas into the venous or arterial circula- 
tion. 

d. The insufflating gas should be readily available, inexpensive, 
and nontoxic. 
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Several gases have been tested for laparoscopic applications (Table 5.1.1). 
Each gas will be considered individually. 



B. Carbon Dioxide 

Carbon dioxide (CO^) is an odorless, colorless gas that results from the 
oxidation of carbon. It is a readily available stable gas, naturally formed in the 
tissues and eliminated by the lungs. Carbon dioxide is the most commonly used 
gas for insufflation during laparoscopic procedures. 

1 . Advantages of carbon dioxide 

a. Relatively low risk of venous gas embolism. Venous gas em- 
bolism is a life-threatening laparoscopic complication with an 
incidence of 0.0016% to 0.013%. Carbon dioxide bubbles rap- 
idly dissolve in the bloodstream, due to the high aqueous solu- 
bility of this gas. Thus, if a gas embolism should occur, it will 
rapidly dissolve in the bloodstream, increasing the safety margin 
of this rare event. 

b. COj does not support combustion. It is therefore safe to use 
electrocautery during laparoscopy. 

2. Disadvantages of carbon dioxide 

a. Hypercarbia and acidosis resulting from carbon dioxide insuf- 
flation during laparoscopy has been well documented over the 
past 30 years and remains a significant limitation to laparoscopic 
surgery in the 1990s. 

Carbon dioxide instilled into the abdominal cavity normally diffuses across 
the peritoneal surface into the venous circulation. After the carbon dioxide is 
carried away by the venous system, it may be eliminated by the lungs or stored 
elsewhere in the body. Total body stores of carbon dioxide approaches 120 L. 
While blood and alveolar storage sites often come to mind first, bone actually 
serves as the single largest reservoir for carbon dioxide. Under sustained expo- 
sure to carbon dioxide, such as during carbon dioxide pneumoperitoneum, other 
short-term visceral storage sites, such as skeletal muscle, become important. 
During pneumoperitoneum, body stores of carbon dioxide continuously in- 
crease. 

Following a long laparoscopic procedure, it may take several hours for the 
accumulated carbon dioxide to be eliminated and for the body’s acid-base bal- 
ance to be restored to a steady state. This may affect postoperative respiratory 
recovery. Several studies have shown that hypercarbia is due to increased ab- 
sorption of carbon dioxide from the peritoneum, rather than from increased 
ventilatory dead space after expansion of the peritoneal cavity secondary to 
impairment of diaphragmatic excursion and alveolar expansion. Bicarbonate 
levels have also been shown to remain constant, providing further supporting 
evidence that the hypercarbia and acidosis during pneumoperitoneum is of 
respiratory origin. 

b. The circulatory effects of increased carbon dioxide load are 
due to both the direct local effects of carbon dioxide and to the 
centrally mediated effects of carbon dioxide on the autonomic 
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system. The direct effect of carbon dioxide and acidosis can lead 
to decreased cardiac contractility, pulmonary hypertension, and 
systemic vasodilatation. The centrally mediated, autonomic ef- 
fects of hypercarbia lead to widespread sympathetic stimulation 
resulting in tachycardia and vasoconstriction. Carbon dioxide 
pneumoperitoneum has been shown to result in increased central 
venous pressure, mean arterial pressure, pulmonary artery pres- 
sure, and pulmonary vascular resistance. 

As acidosis and hypercarbia are associated with a variety of cardiopulmon- 
ary derangements, they limit the safety of longer, more complicated laparo- 
scopic procedures or procedures performed in patients with compromised respi- 
ratory function. Therefore, intraoperative respiratory compensation guided by 
the anesthesiologist (e.g., increase in minute volume with aggressive hyperven- 
tilation) may be necessary to maintain a safe pH status. In certain cases, it may 
be impossible to eliminate the increased carbon dioxide load and it may be- 
come necessary to convert the laparoscopic operation to an open procedure. In 
addition, due to increased carbon dioxide storage in bone, muscle, and other 
tissues, hypercarbia may persist after the completion of surgery and discon- 
tinuation of mechanical ventilation. 



C. Nitrous Oxide 

Nitrogen is a biologically important, colorless, gaseous element that is 
found free in the air. One of the substances formed when nitrogen combines 
with oxygen, nitrous oxide is much more soluble in blood and body fluids than 
nitrogen. Nitrous oxide has been suggested for the procedures performed under 
local anesthesia, or for patients with pulmonary disease undergoing longer 
procedures. 

1 . Physiologic advantages 

a. Insignificant changes in acid-base balance. Unlike carbon di- 
oxide, nitrous oxide has been shown to have an insignificant ef- 
fect on carbon dioxide tension and arterial pH. 

b. Decreased pain. Short, relatively uncomplicated laparoscopic 
procedures may be performed under local anesthesia. Patient 
discomfort during such procedures may be related to the type of 
gas used for pneumoperitoneum. Several studies, including two 
double-blind comparisons, indicate that patients experience less 
pain when nitrous oxide is used compared to carbon dioxide. 
Contrasting views, however, can be found in the literature. 

2. Physiological disadvantages 

a. Supports combustion. Nitrous oxide supports combustion in 
the presence of hydrogen or methane gas. Since the early days of 
laparoscopy, there has been concern over the risk of explosion 
hazards during the procedure and some surgeons have advocated 
against the use of nitrous oxide for insufflation. The actual oc- 
currence of an intraoperative explosion is believed to be rare. 
Nonetheless, this issue remains a matter of concern. 
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b. Safety concerns. An additional concern with the use of this 
agent is exposure of operating room personnel to the agent. 



D. Helium (He) 

Helium is a colorless, odorless, tasteless gas that is obtained from natural 
gas. This inert gas is neither combustible itself, nor supports combustion. He- 
lium is less soluble in water than carbon dioxide, but it is more diffusible be- 
cause of its low density. Helium has been successfully used as an agent for 
pneumoperitoneum during laparoscopy 

1. The main physiologic advantage is the minimal effect on acid-base 
balance. Several studies have documented that helium pneumoperito- 
neum does not result in the hypercarbia and respiratory acidosis seen 
with carbon dioxide pneumoperitoneum. 

2. Physiologic disadvantages 

a. The development of postoperative subcutaneous emphysema 
has been observed. It has been noted that it can take several days 
after surgery for the emphysema to resolve due to helium’s rela- 
tive poor solubility in water. However, this side effect does not 
usually lead to significant physiologic consequences or impede 
recovery. 

b. Risk of venous gas embolism. Theoretically, it is likely that 
helium has a lower safety margin should a gas embolism de- 
velop due to the relatively poor water solubility of helium com- 
pared to that of carbon dioxide. However, while helium is less 
soluble in water than carbon dioxide, it is more diffusible be- 
cause of its low density. This may enhance the dissolution of 
small gas emboli, in the rare event they do occur. 



E. Argon 

Argon gas is colorless, odorless, noncombustible, and chemically nonreac- 
tive. Similar to nitrogen and helium, argon has a low solubility in blood (at 
37°C: 0.0305 ml gas/ml blood). However, argon is two to three times more 
soluble as nitrogen or helium. In comparison, carbon dioxide is 60 times more 
soluble in blood than argon. Experience using argon for insufflation during 
laparoscopic procedures in both experimental models and in patients is rela- 
tively limited. 

1. The major physiologic advantage is stable acid-base status. Data 
generated using a pig pneumoperitoneum model suggest that argon 
gas does not cause affect acid-base balance or carbon dioxide homeo- 
stasis. Thus, while there is relatively little experience using argon gas 
for insufflation, it seems that argon may be a good alternative to car- 
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bon dioxide for patients with decreased respiratory reserve, or for 
otherwise compromised patients undergoing prolonged procedures. 

2. The major physiologic disadvantage is cardiac depression. The 
same pig pneumoperitoneum model demonstrated a 25% decrease in 
stroke volume index and a 30% decrease in cardiac index within 15 
minutes of insufflation. These results have been attributed to the di- 
rect cardiac “depressant“ effect of argon gas. It is uncertain whether 
the observed cardiac depression was a direct result of the argon gas, 
or whether it was a result of increased intra-abdominal pressure. 
Nonetheless, these observations do necessitate serious consideration 
when evaluating the potential of argon gas as a choice for pneumo- 
peritoneum insufflation. 



Table 5.1.1. Advantages and disadvantages of insufflating gases 



Gas 


Advantages 


Disadvantages 


• Carbon dioxide 


• Low risk of gas 
embolism 

• Noncombustible 


• Hypercarbia 

• Acidosis 

• Pain 


• Nitrous oxide 


• Low risk of gas 
embolism 

• Decreased pain 


• Supports com- 
bustion 


• Helium 


• Stable acid-base 
status 

• Does not support 
combustion 


• Subcutaneous 
emphysema 

• Unknown risk of 
venous gas em- 
bolism 


• Argon 


• Stable acid-base 
status 

• Does not support 
combustion 


• Possible cardiac 
depression 
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A. Types of Abdominal Wall Lifting Devices 

Although pneumoperitoneum provides exposure and access for laparo- 
scopic surgery, it is associated with potential complications (see Chapter 5.1) 
and restricts instrument design due to the constraints of working in a sealed 
environment. Various investigators have sought alternative ways to obtain ex- 
posure by a variety of abdominal wall lifting devices. These devices provide 
vertical upward forces to lift the anterior abdominal wall, creating a space 
similar to that produced by pneumoperitoneum. Virtually every open procedure 
can be performed with minimally invasive techniques using these devices, 
which thus may serve as a bridge between open and conventional laparoscopic 
techniques. In this section, three types of abdominal lifting devices are de- 
scribed, and the technique for using one type of device (planar lift) is given in 
detail. References at the end of the chapter give further information about the 
other techniques mentioned in the text. 

1. Low-pressure pneumoperitoneum and “sequential” lifting de- 
vices. Before the current standard of 15 mm Hg was adopted, laparo- 
scopists used pressures as high as 30 mm Hg. Recognizing the detri- 
mental cardiopulmonary effects of such elevated pressures, the first 
abdominal wall lifting devices were developed to allow exposure 
without elevated intra-abdominal pressure. These devices were 
placed after exposure was obtained, and were variously employed 
with low-pressure pneumoperitoneum. 

a. A T-shaped instrument was described in 1991 by Gazayerli. 
This was designed to be inserted into a trocar port to elevate a 
small portion of the abdominal wall, thus providing an increased 
ceiling in obese patients, or allowing exposure without cardio- 
pulmonary compromise in patients unable to tolerate more than 
8 mm Hg. Low-pressure pneumoperitoneum was generally 
needed. 

b. A U-shaped retractor was described in 1992 by Kitano. Once 
the retractor is in place, the pneumoperitoneum can be evacuated 
and the procedure completed without insufflation. 

c. Banting and associates introduced a falciform lift device in 
1993. Consisting of a long, curved 4-mm trocar to which a 
flexible polyethylene tube is attached, this was inserted through 
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a stab wound in the left upper quadrant lateral to the falciform 
ligament. Under direct visual guidance, the trocar, together with 
the tubing, is passed beneath the falciform ligament to exit in the 
right upper quadrant. A similar design by Inoue et al., which is 
inserted from the supraumbilical area to the right upper quad- 
rant, is reported to provide comparable exposure to intra- 
abdominal pressure of 15 mm Hg. Go and colleagues placed a 
Kirschner wire at the subcostal region for lifting to reduce the 
amount of pneumoperitoneum needed for adrenalectomy 
(Fig. 5.2.1). Recently, Angelini and colleagues report a new ab- 
dominal lifter, which is designed to be used with or without 
pneumoperitoneum. The authors suggested that by combining 
the use of an optical trocar and subcutaneous abdominal wall 
retraction, both pneumoperitoneum-related side effects and tro- 
car injuries can be reduced. 




Figure 5.2.1. Diagram demonstrating the placement of flexible tubing or wire in 
combination with low-pressure pneumoperitoneum: (A) Banting et al., 
(B) Inoue et al., (C) Go et al. These techniques can be adapted using readily 
available materials and hence should be part of the laparoscopist’s armamen- 
tarium. 
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2. Gasless devices are designed to provide the requisite exposure with- 
out utilizing pneumoperitoneum, even in the initial stages of expo- 
sure. 

a. In 1991, a Japanese team led by Nagai used an abdominal wall 
wire lifting system to perform laparoscopic cholecystectomy 
without pneumoperitoneum. In this system, Kirschner wires are 
placed in the subcutaneous tissue of the abdomen to act as a 
handle for lifting. Small winching devices connected by an L- 
shaped bar fixed to the side rail of the operating table are con- 
nected to the Kirschner wires to elevate the abdominal wall. An 
alternate wire lifting method reported by Hashimoto and associ- 
ates in 1993 used two 30-cm stainless steel wires connected to a 
Kent retractor (Fig. 5.2.2). Subsequent refinements in the design 
of these wire lifting systems have simplified and extended their 
use to a wide variety of advanced laparoscopic procedures. 




Figure 5.2.2. Hashimoto ’s subcutaneous lift method. (Reprinted with permis- 
sion from Tsoi EKM, Organ CH Jr., eds.) Abdominal Access in Open and 
Laparoscopic Surgery. New York: Wiley-Liss, 1996. 
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b. Planar lifting devices. Chin and Moll developed a planar lifting 
technique to elevate the abdominal wall. Unlike the wire lifting 
devices, the planar lifting device is widely available around the 
world; it can elevate the abdominal wall with minimal trauma 
and can be used in heavier patients. Because this device has 
gained wide acceptance, the technique of its use will be de- 
scribed in detail (section B). The advantages and disadvantages 
of this device are summarized in Table 5.2.1. 



Table 5.2.1. Advantages and disadvantages of planar abdominal wall lifting 
devices 



Advantages 


Disadvantages 


• Minimally invasive 


• Exposure is less than ideal in the 
lateral gutters 


• Avoids cardiopulmonary side 
effects associated with pneumo- 
peritoneum 


• Exposure is poor in patients with a 
muscular abdominal wall, such as 
highly conditioned athletes, or 
who are morbidly obese 


• Operates in an isobaric environ- 
ment (a “sealed environment” not 
needed) 


• Abdominal contents can shift with 
mechanical ventilation 


• Conventional as well as laparo- 
scopic instruments can be used by 
surgeon interchangeably 


• The abdominal lifting devices can 
be an obstacle for the surgeon 
during the conduct of the opera- 
tion 


• High-volume suction device and a 
large volume of irrigation solution 
can be used to maintain a clear 
operating field 




• Tactile examination of intra- 
abdominal contents is possible 




• Less contamination risk for the 
surgical team since the operating 
field is semi-enclosed in an iso- 
baric environment where abdomi- 
nal fluids will not be force out of 
the abdomen by CO 2 insufflation 





c. Conventional retractors (Richardson or Army-Navy pattern), 
used in strategically placed small incisions, can provide the nec- 
essary exposure for selected procedures performed under laparo- 
scopic guidance with laparoscopic instruments. Examples of 
such procedures include laparoscopic cholecystectomy per- 
formed through the “minimal stress triangle” described by Tyagi 
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et al. This corresponds to the subxiphoid regions, and is bounded 
by the medial costal margins of the sixth to eighth ribs (Fig. 
5.2.3). Similar approaches have been used for other procedures, 
including tube gastrostomy construction and closure of Hart- 
mann’s procedure. 




Figure 5.2.3. Boundaries of “minimal stress triangle” described by Tyagai et al. 
Incisions placed within this triangle are well tolerated. 



B. Technique for Planar Lifting Device 

The use of the most widely available device, both intra- and extra- 
peritoneally, is briefly described here. For further information, consult the ref- 
erences at the end of this section. 

1 . Intraperitoneal exposure 

a. Secure the abdominal wall lifter (Laparolift, Origin Medsys- 
toms, Lathrop Engineering Inc., San Jose, CA) to a side rail be- 
fore draping the patient. Prep the abdomen in the usual sterile 
fahion. Drape the abdominal wall lifter with a transparent plastic 
cover before the abdomen is draped. 
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b. Initial access for the abdominal procedure is made in the peri- 
umbilical area. 

c. Make a small incision in the abdomen to allow the placement of 
the lifting device. 

d. Both fan-shaped and donut-shaped devices are available 

e. Open the device within the abdomen (Fig. 5.2.4). 

f. Connect the planar lifting device to the Laparolift (Fig. 5.2.5). 
The Laparolift is then activated to raise the abdominal wall to 
provide exposure equivalent to 15 mm Hg of pneumoperito- 
neum. 

g. Place the laparoscope into the abdomen through the peri- 
umbilical incision. 

h. Insert additional instruments through trocars or small incisions 
(generally less than 2 cm in length). Through these incisions, 
both conventional laparoscopic instruments or extra long tradi- 
tional instruments for open surgery may be used. A clear oper- 
ating field can be maintained with traditional high volume suc- 
tion and copious irrigation without the fear of losing exposure. 





Figure 5.2.4. Both a fan-shaped and an inflatable donut-shaped device are 
available. Each is inserted into the abdomen in a collapsed configuration, then 
expanded within the peritoneal cavity. 
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Figure 5.2.5. The Laparolift is a powered articulating arm that attaches to the 
operating table. The arm lifts up on the lifting device, providing upwards dis- 
placement of the anterior abdominal wall and producing retraction. 



2. Extraperitoneal exposure 

a. Obtain initial access into the extraperitoneal space via a small 
incision (<2 cm). 

b. Enter the extraperitoneal space by using a muscle-splitting tech- 
nique. 

c. Place a dissecting balloon into this newly created space to create 
an operating field. 

d. Place the abdominal wall retractor into the extraperitoneal space 
through this incision. Connect the abdominal wall retractor to 
the lifter and elevate the abdominal wall to a maximum pressure 
equivalent to 15 mm Hg pneumoperitoneum. 
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e. Insert the laparoscope. 

f. Place inflatable laparoscopic bowel retractors into the extra- 
peritoneal space to push the peritoneum (together with the ab- 
dominal viscera) away from the operating field. 

3. A wide variety of procedures have been performed with the planar 
abdominal wall lift device. (Table 5.2.2) 

Table 5.2.2. Intra- and extraperitoneal procedures 



Intraperitoneal procedures 


Extraperitoneal procedures 


• Diagnostic laparoscopy 

• Gastrostomy 

• Gastrojejunostomy 

• Gastric resection 

• Nissen fundoplication 

• Closure of perforated viscus 

• Adrenalectomy 

• Appendectomy 

• Colectomy and colostomy 

• Derotation of volvulus 

• Cholecystectomy 

• Common bile duct exploration 

• Liver biopsy 

• Liver resection 

• Pancreatic pseudocysts 


• Aortic surgery 

• Inguinal hemorrphy 

• Retroperitoneal lymph node dis- 
section 

• Retroperitoneoscopic assisted 
spine surgery 

• Bladder neck suspension 


• Hysterectomy and myomectomy 

• Closure of diaphragmatic hernia 

• Tubal ligation 

• Peritoneal dialysis catheter man- 

agement 

• Salpingo-oophorectomy 
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A. Indications 

Extraperitoneal endoscopic surgery (EES) was first described by Bartel 
in 1969. Wickham and Miller described the use of CO 2 and videoscopic control 
in 1993. Gaur introduced balloons for retroperitoneal dissection in 1993, and 
Hirsch and coworkers described the use of a trocar mounted balloon for extra- 
peritoneal dissection in 1994. There are both advantages and disadvantages to 
this approach (Table 5.3.1). 



Table 5.3.1. Advantages and disadvantages of extraperitoneal endoscopic 
surgery 



Advantages 


Disadvantages 


• Decreased risk of bowel injury 


• Small working space 


• Decreased problems with bowel 
retraction 


• Orientation can be confusing 


• Less postoperative ileus 


• Inadvertent entry into perito- 
neum causes loss of working 
space 


• Closure of peritoneum not re- 
quired when mesh implanted 
retroperitoneally 


• Retractors often needed to dis- 
place peritoneal sac 


• Less adverse hemodynamic ef- 
fects from retroperitoneal insuf- 
flation 


• Prior extraperitoneal dissection 
is a contraindication to this ap- 
proach 



Procedures in which EES has been utilized include: 

1. Totally extraperitoneal (TEP) inguinal herniorrhaphy (see Chapter 
34) 

2. Retroperitoneal endoscopically assisted spine surgery 

3. Renal surgery 

4. Adrenalectomy (see Chapter 33) 

5. Varicocele ligation 

6. Pelvic lymph node dissection (see Chapter 32) 

7. Bladder suspension 

8. Aortoiliac surgery 

9. Lumbar sympathectomy 
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B. Anatomic Considerations 

Knowledge of anatomic landmarks is essential to orientation in the extra- 
peritoneal space. The retroperitoneum can be divided into three spaces: 

1. The retropubic space (space of Retzius) is the space between the pu- 
bic bone and the bladder. This space is obliterated by prior retroperi- 
toneal urologic surgery such as retropubic prostatectomy. 

2. The space of Bogros is lateral and cephalad to the space of Retzius. 

3. The lumbar retroperitoneal space is the posterior continuation of the 
space of Bogros bounded by the vena cava and aorta medially, the 
psoas dorsally, the colon ventrally, and transversalis fascia laterally. 
This space contains the kidney, adrenal, ureter, and Gerota’s fascia. 



C. Access to the Extraperitoneal Space 

There are three basic ways to gain access to the extraperitoneal space. 

1 . The open approach 

a. Make a 2-cm incision overlying the space to be developed. 

b. Bluntly dissect down to the preperitoneal space and develop this 
space. 

c. Place a Hasson cannula or a Structural Balloon (Origin Med- 
systems, Menlo Park, CA). 

d. Continue dissection with laparoscope or balloon dissector (see 
dissection, below). 

2. Use of a lens-tipped trocar 

a. Make a 12-mm skin incision over the desired location. 

b. Place a 0-degree laparoscope into a lens-tipped trocar. 

c. Use this to penetrate the layers of the abdominal wall under di- 
rect vision. 

d. Once the correct plane is achieved, place a Hasson cannula or 
Structural Balloon and continue dissection (see dissection, be- 
low). 

3. Dulocq Technique 

a. Insert a Veress needle suprapubically through the fascial layers 
into the preperitoneal position. The needle will traverse two pal- 
pable points of resistance (the anterior rectus sheath and trans- 
versalis fascia). 

b. Insufflate 1 L of CO^. 

c. Make a skin incision lateral to the midline. 

d. Insert a 10-mm trocar, directed caudad, until the gas-filled space 
is entered. 

e. Place the laparoscope into the trocar and use it to dissect the 
space while insufflating CO^. 

f. The major disadvantage is that this procedure is relatively 
“blind” and risks visceral and vascular injury as well as penetra- 
tion of the peritoneum. If this technique is used to develop the 
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lumbar retroperitoneal space, fluoroscopic control with ureteral 
and nephric imaging is essential. 



D. Dissection of Extraperitoneal Space 

Just as there are several techniques for obtaining access, there are several 
methods of dissection of the extraperitoneal space to create working room. 

1. Operating laparoscopes have a 5-mm instrument channel (in a 10- 
mm laparoscope). These allow dissection under direct vision while 
insufflating CO 2 . 

2. Alternatively, a 30-degree laparoscope can be used alone to open 
the space by sweeping tissue away while insufflating CO 2 . 

3. Balloon dissection is the most popular and easiest method of devel- 
oping the extraperitoneal space. 

a. Insert an air-inflated, trocar-mounted clear plastic dissection 
balloon into the space to be developed. 

b. Place a 0-degree laparoscope into the balloon and inflate the 
balloon while identifying landmarks (Fig. 5.3.1). Identify blood 
vessels, such as the inferior epigastrics, and avoid injury by 
controlled insufflation. 





Figure 5.3.1. Balloon used to dissect extraperitoneal space. Reproduced with 
permission from Tsoi EKM and Organ Jr CH, eds. Abdominal Access in Open 
and Laparoscopic Surgery (John Wiley & Sons, New York, 1996). 
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c. Spherical balloon dissectors are most useful. 

d. Kidney-shaped balloon dissectors are available for lateral dis- 
section in bilateral hernia repair. 

4. Insert additional trocars under direct vision after creating the initial 
space. Develop and enlarge the extraperitoneal space with blunt dis- 
section and atraumatic graspers, “peanut” dissection, and cautery 
scissors. A 30-degree laparoscope can facilitate exposure. 

5. Avoid subcutaneous emphysema by maintaining a tight seal between 
skin and fascia. 



E. Maintenance of Extraperitoneal Space 

There are several ways to maintain an extraperitoneal working space. 

1 . Insufflation to 12 to 15 mm Hg CO 2 will maintain a working space. 

2. Planar abdominal wall-lifting devices (laparolift. Origin Medsystems, 
Menlo Park, CA), allow gasless extraperitoneal endoscopy using 
conventional instruments (see Chapter 5.2). 

3. In TEP hernia repairs, the Structural Balloon (Origin Medsystems, 
Menlo Park, CA) replaces a Hassan cannula and displaces perito- 
neum posteriorly while providing a seal between skin and fascia and 
providing access for the laparoscope (Fig. 5.3.2). 

4. Peritoneal retraction devices are necessary to displace the peritoneal 
sac for lumbar and iliac extraperitoneal laparoscopy. Instruments 
such as the Laparofan (USSC, Norwalk, CT) or the Extrahand Bal- 
loon Dissector (Origin Medisystems, Menlo Park, CA) can be used in 
a gasless or gas extraperitoneal laparoscopic procedure. 




Figure 5.3.2. Structural Balloon provides access for gas insufflation and laparo- 
scope while retracting the peritoneum posteriorly. 
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F. Potential Problems 

1. Peritoneal holes allow CO 2 to leak, creating a pneumoperitoneum 
that decreases the extraperitoneal space. Close peritoneal holes with a 
pretied suture ligature or by suturing them shut. 

2. Penetration into the peritoneal cavity during access or dissection 
may necessitate a transabdominal laparoscopic or open procedure. 

3. Venous bleeding can be controlled with cautery and will usually stop 
spontaneously in the limited extraperitoneal space. 

4. Cautery, clips, or suture ligation can also be used to control arterial 
hemorrhage. Suction and irrigation should be available. 

5. Prior retroperitoneal dissection obliterates the potential space and 
is a contraindication to the extraperitoneal approach. 

6. Prior intra-abdominal surgery will fuse the peritoneum to the ab- 
dominal wall. Begin the dissection away from old scars and leave 
dissection of these areas for last. This will diminish the risk of perito- 
neal violation. 

7. This procedure is more difficult in obese patients, as excess adipose 
tissue in the extraperitoneal space will obscure planes and landmarks. 

8. In retroperitoneal approaches to the kidney and adrenal, laparoscopic 
ultrasound can be used to help identify structures. 
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Hemostasis has been a key issue from the beginning of laparoscopic gen- 
eral surgery. Precise visualization can only be attained during laparoscopy in a 
bloodless field. Hemostasis must be attained at the first attempt, because the 
limitations of access and a small visual field make a second chance much more 
risky. Prevention of bleeding requires the timely and appropriate use of tech- 
nology, much of it newly modified for the laparoscopic approach. In this sec- 
tion we present a variety of major hemostatic modalities that can be used dur- 
ing laparoscopic surgery. Monopolar electrosurgery will be emphasized 
because it is employed during most operations. A practical section on the lapa- 
roscopic control of active bleeding is included. 



A. Mechanical Methods of Hemostasis 

1. Endoscopic clip appliers were developed to facilitate ligation of small 
(2-5 mm) structures such as ducts and vessels. Metallic (titanium) clips are 
most often used. The common disposable clip appliers contain up to 20 clips 
and are available in a 10-mm diameter instrument or more recently a 5-mm 
instrument. These are expensive, however, and are not necessary for simple 
procedures such as cholecystectomy, where a limited number of structures must 
be clipped. High-quality reusable clip appliers are available from several manu- 
facturers that allow the surgeon to considerably decrease costs, but these in- 
struments have to be reloaded after each clip is fired. 

Clip application requires visualization of both sides of the clip to ensure 
adequate tissue purchase and to prevent inadvertent clipping of nontarget tis- 
sues. The theoretic risk of clip migration into duct and vascular structures has 
prompted the advent of absorbable clips usually made of polyglycolic acid 
polymers (Dexon or Vicryl). These clips have identical ligation properties but 
may pose less threat to adhesion formation or migration. Our bias has been to 
use pretied ligatures underneath clips when clip migration could be a problem, 
as with the cystic duct stump. 

Inadvertent mechanical ischemic necrosis can occur from metallic clips 
placed in close proximity to bile duct or bowel wall, resulting in stricture or 
perforation. These complications can be prevented by better visualization of the 
structures prior to placing the clip or not relying on a clip when a loop ligature 
would be more applicable. 
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2. Linear stapling devices: Although these instruments are used primarily 
for anastomotic purposes, they are of vital use to prevent major hemostatic 
complications. Endoscopic linear cutters that deploy two or three parallel rows 
of hemostatic staples (height = 2.5 mm vascular or 3.5 mm intestinal applica- 
tions) on each side of a simultaneously produced linear incision are available to 
facilitate hemostatic division of tissue. The tissue is atraumatically crushed 
between the stapler and its opposing anvil before firing. With effective cutting 
lengths from 30 to 60 mm, larger vessels or highly vascularized tissues such as 
in the lung or bowel mesentery can be controlled and divided in one motion. 
Inspection of both sides of the device is mandatory prior to firing in order that 
unintended structures are not damaged and to ensure that the entire target tissue 
is within the active area as indicated in marks or numbers on the side of the 
device. Depending on the manufacturer, the shaft diameters of these linear 
cutters vary from 12 to 18 mm. Appropriately large trocars must be strategi- 
cally placed to allow opening of the active portion of these instruments within 
the desired operative field. 

3. Pretied suture loops with slip knots have a limited use in primary he- 
mostasis because the vessel or vascular pedicle must first be divided, grasped, 
and then encircled with the loop. This leaves a bleeding structure for a period 
of time while being encircled by the loop. However, the loops are extremely 
useful to secure bleeding vessels after transection. The bleeding structure is 
grasped, and the field irrigated. An atraumatic grasper is passed through an- 
other port, and passed through the loop of the suture ligature. The first grasper 
is then released, and the second grasper grasps the stump of the bleeding struc- 
ture. The loop is snugged down over the shaft of the instrument, securing the 
bleeder. More information about specific strategies is given in section D. 

4. Simple ligatures need to be nothing more than a long suture (at least 42 
inches) that is passed around a clearly dissected vessel. Care must be taken to 
employ an instrument to act as a fulcrum and prevent “sawing” of the tissue or 
vessel as the ligature is being passed and redelivered out the entry port (for an 
extracorporeally tied knot). If an intracorporeal knot is planned, the suture ma- 
terial should be fashioned about 6 inches long (length of a scalpel handle is a 
convenient reference). Further details on knot tying are given in Chapter 7, 
Principles of Tissue Approximation). 

5. Suturing in laparoscopic surgery has been used primarily for tissue ap- 
proximation. When tissue approximation will result in hemostasis, suturing is a 
valuable adjunct. An obvious example is the use of figure-of-eight suture to 
secure a bleeding vessel. 



B. General Principles of Energy Induced 
Hemostasis 

Even before the laparoscopic revolution, surgeons relied on energy sources, 
rather than mechanical means such as sutures and clips, to aid in hemostasis in 
the operating room. Electricity, laser energy, and ultrasonic waves have been 
the energy sources most often employed. These modalities all function by the 
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same mechanism, i.e., an energy source is delivered to tissue, resulting in he- 
mostasis via a predictable pattern of thermal tissue destruction. The tem- 
perature attained in the tissues may predict the changes observed: 

1. At 45°C, collagen uncoils and may reanneal, allowing apposed edges 
to form covalent bonds and fuse. 

2. At 60°C, irreversible protein denaturation occurs and coagulation ne- 
crosis begins. This is characterized by a blanching in color. 

3. At 80°C, carbonization begins and leads to drying and shrinkage of 
tissue. 

4. From 90° to 100°C, cellular vaporization occurs and vacuoles form 
and coalesce, leading to complete cellular destruction. The surgeon 
observes a plume of gas and smoke that represents water vapor. 

5. Above 125°C, complete oxidation of protein and lipids leads to car- 
bon residue or eschar formation. 

Variations in the rate of tissue heating and the degree of thermal spread ac- 
counts for the differences seen between the various energy sources. A basic 
understanding of how each energy source functions, as well as their limitations 
and potential complications, allows the surgeon to make careful choices of 
operative settings and avoid potential problems. 



C. Energy Sources Used in Laparoscopy 

1. Electrical Energy 

Electrosurgery has evolved into the gold standard of energy sources for 
achieving laparoscopic hemostasis because of familiarity, cost, and versatility. 
The active electrode is a conductor connected directly to the electrosurgical 
unit (ESU) generator. The return electrode is a conductor that accepts current 
from the active electrode and returns it to the ESU, thus completing the electri- 
cal circuit. The configuration of the active and return electrode determines the 
path of current or “mode” during electrosurgery. 

a. In monopolar electrosurgery, current from the active electrode 
(hook, spatula, or any instrument tip such as insulated scissors) 
is allowed to return through the patient to a large return elec- 
trode (grounding plate). The path taken by the current is unpre- 
dictable, but generally diffuses over a large-enough volume of 
tissue outside the immediate surgical field. 

b. In bipolar electrosurgery the active electrode can be intermit- 
tently apposed to the return electrode (usually in a forceps-type 
arrangement). Electrical current passes between the electrodes to 
complete the circuit, and flow of current beyond the surgical 
field is minimal. Safe, slow tissue heating leads to controlled co- 
agulation. The rate of tissue heating is not great enough to 
achieve cutting. The same properties that make bipolar electro- 
surgery safe in many coagulation applications limit its versatility 
in routine laparoscopic general surgery. 
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The ESU can produce two general types of current, depending on the wave- 
form: 

a. Cutting current (continuous wave, high frequency, lower 
voltage) produces focal and rapid tissue heating and a cutting ef- 
fect. Heating occurs so rapidly that there is minimal associated 
coagulation necrosis and therefore no hemostasis. 

b. Coagulating current (pulsed waveform, low frequency, high 
voltage) produces a slower heating that causes protein denatura- 
tion. Hemostasis occurs via coagulative necrosis in and around 
the target tissue. In laparoscopic surgery, due to its limited vis- 
ual field, the control of even the smallest amount of bleeding is 
desirable; therefore, pure cutting is rarely employed. Often the 
cutting mode is turned completely off by the surgeon and all 
laparoscopic electrosurgery is performed with the pulsed co- 
agulation current. 

Since laparoscopic surgery requires cutting as well as coagulation, how can 
monopolar electrosurgery accomplish bloodless division of tissues using pure 
coagulating current? The answer is through current density. Reducing the sur- 
face area of the active electrode increases current density. This produces a cut- 
ting effect as is illustrated by a comparison of Figs. 6.1 and 6.2. 




100 wotts 



7 

— 1 watt per cm 
low current density 



Figure 6.1. Low current density is depicted by this schematic that shows an 
active electrode with a large surface area (low density of current in the larger 
surface area). The amount of current going through the patient at this electrode 
is only 1 watt per cml Heating that may occur here is low and will not result in 
coagulation or cutting. (Source: Airan MT, Ko ST. Electrosurgery techniques 
of cutting and coagulation. In: Principles of Laparoscopic Surgery. Arregui ME 
et al. (eds.). New York: Springer-Verlag, 1995; pp. 30-35.) 
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high current density 



Figure 6.2. High current density is illustrated here as the active electrode has 
been decreased to 1 cm^ raising the current density at this site to 100 watts per 
an. Now there will be a rapid rate of temperature rise — quickly with a diin 
wire electrode (cutting results) and less quickly with a broad electrode (coagu- 
lation will result). (Source: Airan MT, Ko ST. Electrosurgery techniques of 
cutting and coagulation. In: Principles of Laparoscopic Surgery. Arregui ME et 
al. (eds.). New York: Springer-Verlag, 1995; pp. 30-35.) 



Although any instrument can act to deliver a high current density with 
monopolar electrosurgery the following familiar example of a hook or L- 
shaped electrode will further illustrate the concept of current density: 

A cutting effect is achieved when the tip of the “L,” with its small surface 
area and thus high current density, is applied to Glisson’s capsule at the side of 
the gallbladder to produce a cutting effect utilizing coagulation current (Fig. 
6.3). Care must be taken when a pointed electrode is used in this regard because 
this high current density situation can lead to powerful cutting with little con- 
trol. Puncture of the gallbladder could result at this point. 

Coagulation or desiccation can be achieved by using the outer side of the 
“L” with its greater surface area and thus lower current density (Fig. 6.4). The 
use of the active electrode in this manner leads to slower tissue heating, con- 
trolled tissue division, and a coagulation effect as the gallbladder is freed from 
the liver bed. The same effect may be obtained by use of a spatula tip, or the 
side of a scissors blade connected to electrocautery. 
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Figure 6.4. Using just coagulation current, this schematic illustrates how differ- 
ent tools can vary the contact area (and the contact density) to achieve cutting 
or coagulation. The current is constant and only the contact density changes, 
resulting in the “art” of bloodless electrosurgical dissection with little energy 
loss for coagulation. (Source: Airan MT, Ko ST. Electrosurgery techniques of 
cutting and coagulation. In: Principles of Laparoscopic Surgery. Arregui ME et 
al. (eds.). New York: Springer-Verlag, 1995; pp. 30-35.) 



Right MCL port 

Figure 6.3. Using a coagulation current (low current and high voltage) a cutting 
effect can be achieved by placing the tissue on tension and using the tip of the 
thin wire electrode resulting in a high current density. (Source: Airan MT, Ko 
ST. Electrosurgery techniques of cutting and coagulation. In: Principles of 
Laparoscopic Surgery. Arregui ME et al. (eds.). New York: Springer-Verlag, 
1995; pp. 30-35.) 
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Fulguration is achieved with high power and low current density at the 
target tissue. This is done by using the outer side of the “L” or other blunt- 
shaped electrode, but at the same time increasing the distance from a specific 
bleeding point (liver bed in the example). The increased distance allows further 
dissipation of the current density, as the current must arc from the active elec- 
trode to the liver bed. The result is superficial tissue heating, producing a car- 
bonized eschar and hemostatic coagulum. 

These physical principles can be used to predict potential areas of danger as 
discussed in the next section. 

Complications of monopolar electrosurgery. Early attempts to utilize 
electrosurgery for laparoscopic applications were associated with specific com- 
plications. To complete the monopolar circuit, electrical current will take the 
lowest resistance pathway back to the return electrode. This may result in inju- 
ries if current density is sufficiently high. Factors that contribute to this include: 

1. Insulation failure. Laparoscopic instruments and electrosurgical elec- 
trodes are insulated to prevent electrical current from contacting surrounding 
structures. Even a break in insulation too small to be noted by the casual ob- 
served can allow electrical current to leak or arc to a metal trocar or to an adja- 
cent viscus such as the colon. Current pathway and density are unpredictable in 
this situation. Often the tissue effects of this current are out of the visual field 
of the operator. This obvious source of patient injury can be minimized by rou- 
tine inspection of the insulation covering all electrosurgical instruments. Cur- 
rent leakage detectors can be used to test adequacy of insulation. Modem ESUs 
have automatic leakage detection that results in system shut off. 

2. Direct coupling. This phenomenon occurs when one conductive mate- 
rial touches or arcs to another one. Some surgeons use the direct coupling effect 
to coagulate tissue grasped in one instrument by touching it with a different 
active electrode. Caution must be employed as this potentially can lead to cur- 
rent directed toward nontarget stmctures. The laparoscopic visual field must 
ensure that no conductive part of any instmment is in contact with nontarget 
stmctures prior to ESU activation. 

3. Capacitive coupling. This phenomenon will explain many of the inex- 
plicable injuries reported to have occurred during laparoscopic monopolar 
electrosurgery. It occurs when a conductor has intact insulation but passes 
through an noninsulated conductor such as a metal trocar, operative laparo- 
scope, or metal suction-irrigation tip. Electromagnetic forces produce a coupled 
current on the outside conductor, resulting in transfer of energy to unintended 
stmctures outside the visual field. The high voltages that are produced when 
activating the electrode without tissue contact or when the power setting is 
increased during fulgurization may produce capacitively coupled currents 
strong enough to produce injury. One way to limit these types of injuries is to 
use all-metal (conductive) trocar systems. The large conductive surface area 
dissipates energy via the abdominal wall to the return electrode, preventing a 
capacitor from forming around the metal instmment. In plastic (nonconductive) 
trocar systems, the trocar itself does not generate capacitively coupled currents; 
however, metal suction irrigation tips and operative laparoscopes do, and be- 
cause the current cannot escape safely through nonconductive trocar to the 
abdominal wall, it must find its way back to the return electrode through non- 
target tissue, potentially injuring it. In hybrid systems, such as metal trocars 
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with plastic abdominal wall stabilizers, capacitively coupled currents on the 
metal trocar cannot get back to the return electrode safely via the abdominal 
wall and must go through another unpredictable and potentially dangerous 
route. Knowledge and attention to the physics behind electrosurgery help the 
surgeon to prevent potentially dangerous situations. 

2. Argon Beam Coagulator 

This modality uses electrical circuitry essentially similar to monopolar 
electrosurgery. The difference is that ionized pressurized argon gas completes 
the circuit between the active electrode and the target tissue, resulting in de- 
naturation of surface tissue proteins and formation of a shallow eschar. At the 
same time, argon gas pressure displaces oxygen from the combustion area so 
that heat is confined to a lower temperature range. This pressurized gas beam 
also displaces blood and fluid away from the bleeding source and allows for 
more precise fulguration. 

Some studies have shown that this energy source saves time and minimizes 
blood loss in common laparoscopic applications like cholecystectomy. The 
significantly limited cutting ability, lack of tactile feedback, and concerns about 
gas embolism limit routine use. It may have a role in advanced procedures re- 
quiring solid organ parenchyma dissection via a minimally invasive approach. 

3. Ultrasonic Energy 

Ultrasonically activated “scissors” and related instruments use high fre- 
quency (>20,000 Hz) to induce mechanical vibration at the cellular level. The 
result is a localized heat generation from friction and shear, producing a pre- 
dictable pattern of thermal destruction. The first surgical use of ultrasonic me- 
chanical energy was in the form of the cavitational ultrasonic aspirator 
(CUSA Technologies, Inc, Salt Lake City, UT), Ultrasonic waves from the 
CUSA (23,000 Hz) cause cavitational fragmentation of parenchyma, which the 
apparatus then aspirates from the field. The more resistant vessels and ducts 
remain and are clipped and divided. Though helpful in open solid-organ sur- 
gery, CUSA has limited laparoscopic applications. 

The modem laparoscopic ultrasonic scalpel became available in 1992. It 
was developed to provide precise, hemostatic cutting and coaptive coagulation, 
but it also provided a lower risk of lateral thermal injury associated with elec- 
trocautery and laser. The ultrasonic scalpel functions by providing electrical 
energy to a piezoelectric ceramic element that expands and contracts rapidly 
(55,500 Hz). This mechanical energy is transduced to an imperceptibly moving 
blade that oscillates to produce heat secondary to friction and shear when cou- 
pled to tissue. 

In general, lower power causes slower tissue heating and thus more coagu- 
lation effect. Higher power setting and rapid cutting is relatively nonhemo- 
static. In these regards ultrasonic energy is similar to other forms of energy- 
induced hemostatic modalities. Aside from the power setting, hemostatic tissue 
effect can be enhanced by blade configuration and tissue traction in a manner 
analogous to electrode design for electrosurgery (i.e., the broader the blade, the 
more coagulation effect). 

Blade configuration has a significant effect on device performance. 

a. A single blade or hook type of blade is used in a similar fash- 
ion as the familiar monopolar electrosurgical appliances. The 
activation of the blade creates localized heating and hemostatic 
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cutting of tissues where tension and countertension (supported 
tissues) can be created. The cutting effect on tissue not under 
tension is minimal. Cutting speed is inversely proportional to 
hemostasis. Coagulation can be achieved with a lower power 
setting and utilizing the broader side of the activated blade. This 
allows slower tissue heating that denatures protein to form a 
hemostatic coagulum. 

b. Ultrasonic coagulating shears were developed because of the 
difficulty of applying ultrasonic energy to unsupported tissues. 
The shears have one ultrasonically activated blade that can be 
rotated to expose the tissue to a sharp edge, a rounded edge, or a 
flat edge. A nonactivated pad opposes the active blade and acts 
as an anvil to hold tissue, enabling the creation of frictional and 
shearing forces necessary for cutting and coagulating. 

In the cutting mode, tissue is compressed against the sharp blade edge and 
cut when the shears are activated. Hemostasis is minimal. In the hemostatic 
cutting/coagulation mode, moderately to highly vascular tissues are grasped to 
oppose tissue between one of two blade shapes — the rounded or the flat blade 
and the tissue pad. The frictional energy developed between the blade and pad 
produces coaptive coagulation of vessels in the shears. For vascularized adi- 
pose tissue, the rounded blade with a medium power setting usually suffices. A 
larger vessel of around 2 mm would require the flat edge of the activated blade 
on a low power setting to slowly coagulate the vessel. As coagulation occurs, 
added pressure can be applied opposing the tissue to the anvil, and this will 
facilitate cutting the coagulated vessel. The opened, activated blade of the co- 
agulating shears can also be used alone as a single blade. 

In the single-blade mode, ultrasonic cutting and coagulation offer little ad- 
vantage over electrosurgery for routine laparoscopic applications. The real 
advantage to the coagulation shears is the hemostatic division of unsupported 
vascular tissues with the coagulating shears. This versatile tool can grasp, 
bluntly dissect, sharply cut, and coagulate. This technology adds efficiency 
(with less instrument exchanges) and could reduce costs (by not using expen- 
sive disposable clips or staplers). This technology has enjoyed recent applica- 
tion during minimally invasive surgery for division of the short gastric vessels, 
the mesentery, or the tissues around the adrenal gland. 

Because energy (heat production) is localized in ultrasonic wave produc- 
tion, the risk of lateral thermal injury is minimized. There are no electrical 
grounding devices required and coupling is not a problem. The laparoscopic 
use of ultrasonic energy appears to be a safe and versatile energy source that 
has a specialized role to the advanced laparoscopic surgeon. This role may 
expand as the costs for this technology decrease and the units become more 
widely available and more familiar to the surgical community. 

4. Laser Energy 

Laser is an acronym for Light Amplification by Stimulated Emission of 
Radiation. Laser energy is produced by the electrical stimulation of a medium 
that causes a change in energy states at the atomic level, leading to the organ- 
ized emission of photons (parcels of light). This coherent monochromatic light 
(one wavelength) may be precisely delivered at high intensity. Tissue heating 
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occurs when the cell absorbs laser light energy. This intracellular kinetic energy 
is stored as heat. 

Many types of lasers are used in medicine. They are generally classified 
with regard to the portion of the electromagnetic spectrum from which the en- 
ergy is emitted. Common laser types are listed in order from the visible spec- 
trum (visible spectrum ends at >700 nm) to the invisible infrared portion of the 
monochromatic light spectrum — Argon (488 and 514 nm, emits visible blue- 
green light), KTP (potassium thionyl chloride, 532 nm, emits visible green 
light), NdiYAG (composite crystal of neodymium and yttrium aluminum gar- 
net, 1,064 nm, emits invisible light), and carbon dioxide (10,600 nm, invisible 
light from the far infrared spectrum). 

The ability of laser light to heat a particular target tissue depends on 

the laser type or its wavelength, the amount of light encountering a given area 
of tissue (power density), and characteristics of the target tissue that determine 
energy absorption and light energy penetration. These tissue characteristics 
include water content and concentration of chromophores (macromolecules that 
absorb light) such as hemoproteins (oxy and methemoglobin) or pigments 
(melanin, xanthophyll). 

These principles can be illustrated by the following clinical examples: 

Water is a weak chromophore, and therefore visible or near-infrared laser 
energy penetrates easily through the cornea and lens (high water content tis- 
sues) and maximally heats (or absorbs) on the pigment-bearing retina causing 
potential damage. Hemoglobin is a strong chromophore for blue and green 
light, so argon and KTP energy is absorbed quickly in highly vascular or 
bleeding tissue. Small or very superficial vessels may be successfully coagu- 
lated, resulting in hemostasis. Because the energy is absorbed on the surface, 
larger or deeper vessels will not be coagulated, and the energy is readily ab- 
sorbed and dissipated by a pool of blood or developing eschar. In the same 
setting, a Nd:YAG laser with its infrared (invisible) light would be more poorly 
absorbed by hemoglobin, allowing deeper tissue penetration and effective he- 
mostasis. All laser energy is highly absorbed by black pigments and therefore, 
when an eschar forms over a bleeding site, heat will penetrate poorly, limiting 
photocoagulation. 

These examples illustrate potential limitations and lack of versatility of the 
laser as a useful energy source for laparoscopic hemostasis. Laser delivery 
systems further compound the problem. Contact-type fibers transmit energy 
only when in contact with target tissues, whereas bare laser fibers project light 
energy from the end of the filament to any structure in the pathway of light. 
Contact fibers allow versatility by providing tactile feedback while cutting. The 
contact fiber tip, however, remains hot 5 to 10 seconds after removal from any 
tissue. A potentially hazardous situation can result if the tip should inadver- 
tently touch nontarget tissue. Bare fiber systems are only hemostatic in a line 
beginning at the end of the fiber. In addition the bare fiber’s laser energy can 
potentially miss the target and be transmitted beyond the target tissue and cause 
past-pointing injuries. Ocular safety issues are important for all personnel when 
operating this energy source. Cost and surgeon unfamiliarity are other issues. 
For all of these reasons, applications of lasers in laparoscopic surgery are lim- 
ited, and more versatile energy sources like electrosurgical units and ultrasonic 
dissectors have become more popular. It is important to understand laser tech- 
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nology, however, because this potentially powerful surgical tool may have 
future application. 



D. Laparoscopic Prevention and Management of 
Active Hemorrhage 

Develop an operative plan that includes visualizing and identifying all 
structures prior to division. Avoid bluntly avulsing adhesions and adipose tis- 
sue; contained small vessels tend to retract into the divided tissue and are diffi- 
cult to control. Safe application of energy to the area of the vascular structure to 
be divided, prior to its division, helps to prevent uncontrolled hemorrhage. If 
one is unsure about the vascularity of a structure, it is better to mechanically 
occlude it with a clip prior to its division or at least to have enough of the 
structure dissected free to allow manual control if subsequent bleeding is ob- 
served after division. 

Even with the most careful dissection and hemostatic techniques, laparo- 
scopic surgeons will occasionally encounter active bleeding. Often this leads to 
panic, culminating in conversion to an open procedure, or, worse, the danger- 
ous and random application of energy and/or clips in the direction of the pre- 
sumed bleeding point. It is far better to have a plan for bleeding before it oc- 
curs. The following are stepwise guidelines for the control of active 
hemorrhage. An emphasis is placed on visualization. When bleeding is en- 
countered and not easily controlled by electrocautery, the surgeon should: 

1. Try to visually identify the bleeding source without moving any in- 
strument that is providing retraction. 

2. Avoid Redout that occurs when even small amounts of blood obscure 
the laparoscope’s view. 

3. Suction with a large-bore suction cannula (10 mm, if available). Irri- 
gation, while helpful in identifying slow bleeding sites, should be 
minimized in active bleeding because it adds to blood/liquid pool and 
potentially can splatter onto the laparoscope and limit visualization. 

4. Apply a 5-mm atraumatic grasper to bleeding point when identified. 
A maneuver specifically for uncontrolled bleeding from the cystic 
artery may be useful — use the gallbladder infundibulum grasped by 
the instrument through the right upper quadraant (RUQ) trocar to ap- 
ply direct pressure over the actively bleeding area. This allows the 
surgeon to stop the bleeding temporarily by tamponade, aspirate 
blood from the field, clean the laparoscope, and place new instru- 
ments or trocars to control the cystic artery. (This maneuver was first 
described by S. T. Ko and M. C. Airan, personal communication.) 

5. If the vessel cannot be controlled under direct vision in step 4, the 
surgeon should convert to an open procedure. 

6. If the bleeding point is controlled with a grasper, the next step is to 
evaluate the trocar situation. Simply put, there must be enough tro- 
cars to control the bleeding and to introduce a clip applier or suture 
ligature. Most commonly, a clip will be used to control the bleeding. 
A trocar must be available that can accommodate a clip applier, with- 
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out removing any instruments that are providing retraction. It is better 
to add a trocar, rather than to compromise by moving instruments and 
risk losing control of the bleeder. The added port should be placed at 
least 15 cm away from the bleeding site in a vector that will allow 
torque-free clipping and at right angles to the laparoscope (so that the 
placement of a clip can be easily observed). 

7. Place a clip precisely on both sides of the atraumatic grasper with 
care not to torque or displace the controlling grasper. 

8. Irrigate and evaluate. If questions remain as to whether the clips are 
providing secure hemostasis or whether they have injured surround- 
ing structures, the procedure should be converted to open exploration. 
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A. Laparoscopic Suturing and Intracorporeal Knot 
Tying — General Principles 

While the benefits to the patient of laparoscopic suturing are considerable, 
the demands placed on the surgeon are high. For the patient, care is improved 
by a greater precision of repair, because of better access and minimized access 
trauma. These results are met by a surgeon who faces the technical challenge to 
perform intracorporeal maneuvers using optical equipment, illumination, and 
video that present a less than ideal visual image, and with limited movement 
because of the use of awkward instrumentation. These challenges can be over- 
come by following a mental choreography of step-by-step maneuvers and by 
working slowly, precisely, and patiently to master this new skill. 

In laparoscopic tissue approximation, intracorporeal suturing and knot ty- 
ing is the preferred method because it is highly adaptable, flexible, economical, 
and utilizes commercially available equipment. In deep crevices and in certain 
situations, intracorporeal knotting is possible but extracorporeal knotting may 
be preferred. In either case, learning to suture requires special attention to the 
setup, visual perception, hand-eye coordination, and motor skill. These factors 
will be described and illustrated individually in this section. 

1. The position of the surgeon in relation to the instruments and the 
intended suture line determines the challenge and the result. The vis- 
ual path, coaxial alignment, and triangulation of camera and operat- 
ing ports are crucial aspects of the setup. The positioning of the lapa- 
roscopic and instrument ports has the same function as in open 
surgery. The camera is positioned midway between two instrument 
ports; this setup mimics the normal relationship between the eyes and 
two hands. The three ports should be shifted in unison when the sur- 
geon attempts to suture in a different location. The port positioning, 
relative to the proposed suture line, provides the proper angle of ac- 
cess and a fulcrum for the instruments (Fig. 7.1). 

2. Visual perception is a significant factor because the operative field 
is viewed indirectly through a closed-circuit video system. A three- 
chip camera and high-resolution 19-inch monitor viewed from a dis- 
tance of no more than 5 to 6 feet are utilized. One of the challenges of 
this procedure is the magnification of a small operative field, which is 
inversely proportional to the magnification power and requires a pro- 
portionate reduction of the speed and range of instrument movement 
to maintain control. The visualization is affected by: 

a. The use of optical instrument (the laparoscope). 
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b. A flat two-dimensional image on the video monitor, and 

c. The ability of the surgeon to adjust to the new viewing perspec- 
tive. 

The following factors are found with this visualization setup: 

a. Details are magnified and become more appreciable, but the vis- 
ual field becomes proportionately smaller and the depth of field 
more shallow. 

b. At higher magnification the image becomes better defined with 
an improved 3-dimensional effect. 

c. The surgeon must readjust eye-hand coordination and adapt to 
the speed of instrument movement. 

d. Visual health, 20/20 vision, corrected by regular visits to the 
optometrist, and well-rested eyes can determine the success of a 
flawless procedure. Visual memory and a trained eye are the 
ideal cognitive instruments. 



Monitor 




O Instrument port 
• Camera port 



Figure 7.1. Position of the surgeon for visual path coaxial alignment. Note the 
triangulation of camera and operating ports, which corresponds to the triangu- 
lation of the surgeon’s eyes and two hands. The surgeon, target tissue, suture 
line, and monitor are aligned. 
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3. Eye-hand coordination: The movements in laparoscopic surgery 
should be slower than in open surgery. Seeing one’s movements 
magnified on a screen shows how quickly instruments are perceived 
to move, even at a normal pace. By slowing the pace of movement, 
control is restored and sufficient visual information is gathered, but 
operating time is increased. Eliminating unnecessary movements and 
tightly choreographing the procedure help to make the most efficient 
use of time. Choreographed movements increase precision and elimi- 
nate unnecessary movements. A proper formal training course and 
supervised practice kindle the overall success and efficiency of these 
procedures. 

4. Motor skill determines the performance of a successful surgical pro- 
cedure. The balance and coordination of perception, decision making, 
and motor skill orchestrate the ideal procedure. Because laparoscopic 
surgery requires adjustment to a magnified field, the motor skills that 
we have developed over a lifetime in everyday practice are distorted. 
Magnification and the use of foot-long instrumentation create an im- 
balance. This is compensated by a special approach that is commonly 
referred to as principles of microsurgery. Familiarity with open mi- 
crosurgery eases the transition from open, traditional surgery to lapa- 
roscopic surgery. 



B. Equipment and Instrumentation 

1. Video equipment. High standard optical and video components are 
preferred due to the greater visual acuity necessary to visualize the 
tissue layers accurately and to track needle and suture movements. 

2. Suturing instruments have various designs. The handle can have 
either a pistol grip or an in-line, coaxial handle, with or without a ring 
for holding it securely (the ringless handle affords greater maneuver- 
ability). The assisting grasper, used by the nondominant hand, han- 
dles the tissue and is more curved and pointed. The needle driver, 
used by the dominant hand, handles the needle and suture material 
and is short and powerful with a curved and a blunt tip. 

3. Trocars should be slightly longer than the thickness of the abdominal 
wall with a preferred diameter of 5 to 10 mm. Trocars that are too 
long interfere with instrument mobility and function by preventing 
the opening of the instrument jaws and minimizing movement in the 
abdomen. 

4. The geometry of the needle tip controls the characteristics of the tis- 
sue penetration and the size and shape of the tunnel cut. To minimize 
tissue trauma, the ease of penetration is important in laparoscopic 
surgery. Stronger, sturdier needles are required to penetrate thicker 
tissue layers; smaller, thinner needles are required to penetrate deli- 
cate tissues. A needle tip with a high tapering ratio or a “taper cut” tip 
will penetrate tissue layers more readily. 
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Figure 11 , Pushing the needle head on against tissue resistance. 



5. The selection of suture material is based upon favorable tissue re- 
sponse, handling characteristics, and visibility. It is chosen for its 
particular attributes such as absorbability, strength, and tissue reac- 
tion. Because visibility is limited in laparoscopic surgery, pitch black 
or fluorescent white sutures are preferred over colorless suture. The 
handling characteristics of the 2-0 and 3-0 silk is optimal for folding 
and bending memory. Alternatives such as monofilament polypropyl- 
ene, polydiaxanone, and nylon can be too stiff to readily knot intra- 
corporeally. 

6. Needle handling and passage. Bicurve geometry affects the han- 
dling and scooping characteristics of the needle and can be easily 
adapted to particular tissues and their access requirements. In difficult 
situations it is beneficial to take the time necessary to reexamine sim- 
ple movements to efficiently execute them. Entrance and exit bites 
and knot tying are the main movements repeated during tissue ap- 
proximation. In this technique, the needle will follow the tip in pass- 
ing through tissue layers with the least amount of trauma and effort if 
the tissue resistance, needle tip, grasping point, and direction of force 
are assembled on the same axis. If the needle is pushed in any angle 
other than 90 degrees, head-on against tissue resistance (Fig. 7.2), the 
driving force will to deflect the needle and turn in the jaws of the 
needle holder. A high level of concentration is integral to performing 
even simple needle driving maneuvers when working in a magnified 
field. Indirect tissue manipulation complicates this matter further. In 
the main function of needle driving, taking the entrance and exit 
bites, double indirect manipulation comes into play. The hand holds 
the instrument handle and the instrument tip grasps the needle. In- 
strument movement and special needle-driving techniques need to be 
employed to accommodate the necessary needle control. There are 
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limitations to the instrument approach because complicated equip- 
ment such as single-use needle holders, stiff opening, closing power, 
and other problems are presented. The strength of the needle holder, 
in particular the locking and unlocking maneuver, can inadvertently 
jar the instrument and tear the tissue, as in thin-walled vascular 
structures. To avoid this situation, it is advised to develop and learn 
needle-driving techniques that depend more on skill than on gadgetry. 



C. Knot-Tying 

Both intracorporeal and extracorporeal knot-tying techniques have an im- 
portant role in laparoscopic surgery. For most purposes, intracorporeal knot- 
tying is preferred. Intracorporeal knots are placed by a process that virtually 
duplicates the methods used during open surgical procedures. Intracorporeal 
tying is faster and uses less suture. Extracorporeal tying use a special knot 
that is designed to slip one way but not the other. Both methods are illustrated 
in Figs. 7.3 and 7.4. 




Figure 7.3. Square and surgeon’s knot. A. Overhand Flat Knot. (1) Starting 
position: Create a C-loop as the right instrument reaches over to the left side of 
the field, grabs the long tail and brings it back to the right, below the short tail. 
This loop must be in a horizontal plane, or else it will be difficult to wrap the 
thread. If a monofilament material is used, the right instrument can rotate the 
threat counterclockwise until it lies flat against the tissue. The right instrument 
holds the long tail and the left instrument is placed over the loop. The short tail 
should be long enough so that it cannot be pulled out accidentally, but not so 
long that its end is hidden. Use a large loop to allow ample space for both in- 
struments, moving slowly, when retrieving the short tail. Use the right instru- 
ment to wrap the long tail around the stationary tip of the left instrument. Ro- 
tate the right instrument forward to create an arch in the suture, assisting the 
wrapping motion. Keep the jaws of the instruments retrieving the short tail 
closed, until ready to grasp the tail. In the inset, the right instrument is shown 
wrapping the suture around the left instrument twice, creating a surgeon’s knot. 
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(2) Grasping the short tail: Both instruments should move together toward the 
short tail. This prevents a tight noose from forming around the instrument, 
making it difficult to reach the short tail. Grasp the short tail near the end to 
avoid creating an extra loop when pulling the suture through. 




(3) Completing the first flat knot: Pull the short tail through the loop and adjust 
it so that there is an equal length left. The end will be hard to find if the tail is 
too long. Pull the two instruments in opposite directions, parallel to the stitch. 
The left instrument then drops the short tail, and the right instrument keeps its 
grasp on the long tail. The inset illustrates the surgeon’s knot that has been 
created. 




7. Principles of Tissue Approximation 



75 




Figure 7.3. B. Second opposing flat knot. (1) Creating the reversed C-loop, 
wrapping the thread, and grasping the short tail: The reversed C loop is created 
as the right instrument is brought to the left side of the field under the short tail, 
and rotated clockwise 180 degrees. The right instrument transfers the long tail 
to the left instrument. The right instrument is placed over the reversed C-loop 
and the left instrument wraps the thread around the right instrument. The tips of 
both instruments are moved together in unison toward the short tail, which is 
grasped with the right instrument. 





(2) Completing the second knot: Pull the short tail through the loop, and then 
pull both tails in opposite directions, parallel to the stitch, with equal tension. 
Verify that the knot is configured correctly as the knot cinches up. 
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Figure 7.3. C. Slip knot for the square knot. (1) Starting position and pulling: 
To convert the square knot (locking configuration) to a slip knot (sliding con- 
figuration), both instruments must grasp the suture on the same (ipsilateral) 
side. One instrument grasps the thread outside the knot and the other in the 
suture loop (between the knot and the tissue). Both instruments pull in opposite 
directions (perpendicular to the stitch). A snapping or popping sensation can 
often be felt and the short tail may flip up. The knot looks like a pretzel. If the 
conversion does not occur after a few attempts, try the maneuver on the other 
side of the knot. Conversion is easier on monofilament suture. 
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(2) Pushing the slip knot: The right instrument maintains its grasp on the tail 
and pulls tightly. The left instrument pushes the knot closer to the tissue by 
sliding on this tail. 









(3) Cinching down. Cinch down the slip knot until the tissue edges have been: 
approximated to the desired tension. Recenter the knot and recheck the tension. 
Reconvert the slip knot to a square knot before making additional overhand 
throws. Both instruments regrasp the tails in opposite directions, parallel to the 
stitch in the same way as when the square knot was originally tied. An addi- 
tional overhand knot is necessary on top and is tied in the same manner as the 
first throw [Fig. 7.3.A(1)]. 
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Figure 7.4. Extracorporeal knot. Bring a long suture into the laparoscopic 
field, leaving its tail outside of the port. Place the stitch, then bring the needle 
end out through the same port. Create a Boeder knot by tying an overhand knot 
and then wrapping the suture tail back around both arms of the loop three 
times. Lock the suture by bringing the tail back through the large loop, between 
the last two twists of the wrap. Slide the knot down with a plastic applicator rod 
or a knot pusher. 



An extracorporeal knot is tied externally and slid down to the tissue with 
the aid of knot pusher. This method requires long threads and while extracorpo- 
real knotting appears to be a simpler approach, it requires a systematic and 
careful application to avoid traumatizing the tissues and contaminating or dam- 
aging the suture. 

The Boeder knot is widely used in laparoscopic surgery for extracorporeal 
tying. It was developed around the turn of the century and introduced to laparo- 
scopic practice before intracorporeal knotting was developed. This is the knot 
used in commercially available pre-tied suture ligatures. This method is de- 
scribed and illustrated in Fig. 7.4. Another method of extracorporeal knot tying 
uses a modified square knot, tied extracorporeally. 
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D. Suturing Techniques 

Suturing and intracorporeal knotting is the final challenge following a lapa- 
roscopic procedure, testing the surgeon’s skill and endurance. A surgeon’s skill 
level can be measured to some degree, e.g., the ability to tie a square knot cor- 
rectly in 30 seconds or less. These techniques are a challenge that can be 
achieved after 20 to 40 hours of formal training with confidence and skill (as 
observed by the author). Intracorporeal knotting can be the starting and finish- 
ing point of continuous and interrupted suture lines. 

Tissues should be prepared and positioned in anticipation of either inter- 
rupted, continuous, or a combination of both types of sutures, so that minimal 
tension exists. 

1. Interrupted suturing: When constructing a linear suture line, the 
factors that are involved in creating entrance and exit bites include 
length of incision or laceration, type of tissue layers to be approxi- 
mated and their function, needle and thread combination selection, 
and length of suture. 

a. Place the instrument port positions so that the laparoscope port 
is inline with the needle driver, essentially parallel with the su- 
ture line, and the assisting grasper port is 45 to 90 degrees apart. 

b. Place the needle perpendicular to the suture line, and the ports 
should be at least 6 inches apart. The entrance and exit scooping 
motion should follow a 3 o’clock to 9 o’clock direction relative 
to the surgeon’s frontal plane. 

c. Interrupted stitches can be utilized with a suspension slip-knot 
technique if there is tension in the tissues or poor visibility. 
Evenly spaced stitches approximate the tissue precisely without 
tension. 

2. Continuous suturing: This type of suture is more rapid, yet it is 
more difficult to accomplish correctly. This technique begins and 
ends with an anchoring knot, the last of which can be tied to the loop 
of the last stitch. The tissue edges must be identified by carefully 
shifting the tension on the suture loops as the approximation contin- 
ues. 

3. Suture choice is a necessary component since monofilament and 
braided materials behave differently. Monofilament is stiff, springy, 
and slides smoothly through tissue. Braided material can drag 
through the tissue, lock unexpectedly, and can be more cumbersome 
to work with since each stitch must be taut before proceeding to the 
next. 

4. Anastomosis: Laparoscopic ductal anastomosis is a challenge that 
can be met using methods from microvascular anastomoses and from 
duplicating open surgical techniques. It can be performed end-to-end, 
end-to-side, or side-to-side. 

a. End-to-end anastomosis is the preferred method for approxi- 
mating ducts of equal caliber and wall thickness. The number of 
stitches, their configuration, and the size of the bites are calcu- 
lated, depending on the function of the structure. Either inter- 
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rupted or continuous sutures could be used. Interrupted sutures 
provide better precision and control; continuous sutures are per- 
formed more rapidly but are less forgiving. 

b. Conduits with different lumina and wall thickness can be joined 
with end-to-side anastomosis in a less invasive procedure. 

c. Side-to-side anastomosis is a practical method for conduits that 
lie side by side. This method of approximation is similar to the 
end-to-side anastomosis. 



E. Tissue Gluing 

Glue can be used in combination with other techniques as an aid that pro- 
vides a hemostatic or hydrostatic seal. Fibrin and other glues have been used 
but have never quite gained popularity for tissue approximation as they need 
anchoring or primary stitches to secure the tissue edges. As the boundaries of 
laparoscopic surgery expand, there will be more possibilities for and develop- 
ments in tissue approximation. However, the traditional concept of hand sutur- 
ing and square/surgeon’s knot method of securing two suture ends will un- 
doubtedly remain the most popular as it has already endured centuries of trials. 



F. Stapling 

As a method of tissue approximation, stapling borrows the same principle 
as used in open surgery but is technically more demanding and more expensive. 
Some general principles were discussed in Chapter 6, and details are given in 
sections II-IX where procedures in which stapling is routinely used are de- 
scribed. 

Despite the use of staplers in laparoscopic procedures, the ability for sur- 
geons to place stitches and tie knots should not be compromised. Staplers may 
lead to complications and the surgeon must be aware of tissue ischemia if any 
procedure is inadequate. Proper mastery and knowledge of these techniques 
with many prior successful practice runs is essential for their use. 
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A. General Considerations 

A major advantage of laparoscopic surgery, small incisions, must be bal- 
anced with the need to remove and preserve specimens that may be larger than 
the laparoscopic port site. Specimens vary in dimensions, physical characteris- 
tics (hollow versus solid), and ease of extraction. Special considerations apply 
to specimens that may be infected or malignant, where improper removal may 
lead to wound infection or tumor dissemination. The best method for removal 
depends on the size, location, and nature of the specimen and whether there is a 
need to preserve the specimen intact for pathologic evaluation. 



B. Routes of Specimen Removal 

Ideally the site selected for specimen removal should be along the path of 
least resistance that produces the least pain, prevents contamination, and pro- 
vides the best cosmesis. If a specimen cannot be removed from the abdominal 
cavity immediately after it has been resected, it must be secured in a position 
that will permit ready identification and retrieval later. Several potential routes 
for removal of abdominal and pelvic specimens are listed in Table 8.1 and will 
be considered individually here. 

Table 8.1. Routes for removal of abdominal and pelvic specimens 

• Port sites 

• Separate abdominal wall incisions 

• Transanal (if colon resection performed) 

• Transvaginal (via culpotomy incision) 



1. Small specimens can be removed directly through an appropriate 
cannula (usually 10 mm or larger) with or without a reducing sleeve. 
Use a toothed grasper to secure the specimen as it is retrieved under 
direct laparoscopic visualization and control. Open the valve mecha- 
nism of the cannula to allow the specimen to pass through unim- 
peded, if a reducing sleeve is not used. 

2. Specimens originally larger than the size of the cannula can be re- 
trieved at the port site by several methods: 

a. Reduce the size of the specimen while it is still within the peri- 
toneal cavity; that is, remove contents of hollow structures 
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(fluid, stones) or cut up solid structures. This technique permits 
removal without enlarging the incision. The major disadvantages 
include the risk of losing portions of the specimen and contami- 
nation of the peritoneal cavity. This method may be appropriate 
for the removal of specimens such as lymph node packets and 
benign solid tumors of moderate size. 

b. Exchange the existing cannula for a larger cannula at the port 
site (20-40 mm), by placing it over a blunt probe with a tapered 
introducer. This method protects the wound from direct contact 
with the specimen. A major disadvantage is that the specialized 
cannulae are not always available. This method is sometimes 
used for removal of specimens such as an inflamed appendix, 
gallbladder, fallopian tube, and ovary. 

c. Exteriorize portions of the specimen and then remove the 
contents so that the specimen can be pulled through the port site. 
This is most commonly used for removal of the gallbladder fol- 
lowing laparoscopic cholecystectomy. Hold the specimen firmly 
against the end of the cannula as both are pulled out together 
under laparoscopic visualization. Grasp a portion of the gall- 
bladder outside of the abdomen with clamps and open the gall- 
bladder. Aspirate fluid, and remove stones (fragmenting them if 
necessary) with stone forceps or ring forceps. This technique 
avoids enlarging the incision and requires no special equipment. 
However, it risks wound contamination and is tedious if the 
stones are multiple or large. 

d. Enlarge the incision at a port site. This is perhaps the simplest, 
most efficient, and most commonly used method in many cir- 
cumstances. It works particularly well at umbilical or other mid- 
line port sites since only a single fascial layer requires division. 
Either stretch the fascia or elevate it with a right-angled clamp 
and divide it with scissors or a scalpel. Perform this maneuver 
under direct laparoscopic visual control, with the specimen held 
in a relaxed manner (not taut against the abdominal wall) to 
avoid puncturing the specimen. This is frequently the best 
method of removing a large, stone-filled gallbladder. This is also 
the typical method for removing larger organs such as the colon 
and spleen. 

The length of incision necessary in these cases varies but is usu- 
ally only several centimeters. )^en the port site incision is not 
midline, use a muscle spreading technique to avoid dividing ab- 
dominal wall musculature. During colectomy the colon is often 
exteriorized through an extended port site incision prior to com- 
plete resection. After resection the anastomosis can be con- 
structed extracorporally. These are considered “laparoscopically 
assisted” operations. 

A disadvantage of this technique is the loss of pneumoperito- 
neum that occurs during specimen extraction. To reestablish the 
pneumoperitoneum, completely close the incision if that port 
site is no longer needed. Alternatively, close or tighten the fascia 
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around a cannula. Another disadvantage of incision enlargement 
for specimen retrieval is the increased discomfort that patients 
may have at that site. Regardless, this is often the most practical 
method. 

3. Separate abdominal wall incision. In some situations it may be 
most practical to remove the specimen through a separate abdominal 
wall incision that does not incorporate any of the existing port sites. 
These incisions can generally be limited to a few centimeters in 
length, and a muscle-splitting technique can be used for nonmidline 
sites. Examples of this technique include removal of the right or left 
colon through transverse incisions lateral to the rectus in the right or 
left abdomen, respectively, removal of the sigmoid colon through a 
suprapubic or left lower abdominal incision, and removal of an intact 
spleen through a low midline or Pfannenstiel incision. During colon 
resection the site of incision can be gauged by holding the mobilized 
specimen up to the abdominal wall; this location may or may not cor- 
respond to an existing cannula site. 

4. Transanal route. Transanal extraction has been used for some lapa- 
roscopic low anterior colon resections. This route can be considered 
when the lower limit of transection is near or below the pelvic brim 
and the specimen is not too bulky. Place the specimen in a bag. 
Slowly dilate the anus and pass a ring forceps or similar instrument 
transanally. Grasp the bag and gently pull it through the rectal stump 
and anus. During laparoscopic abdominoperineal resection the 
specimen is readily delivered through the perineal incision in a simi- 
lar manner. 

5. Transvaginal route. Another alternative to abdominal incision for 
intact removal of larger specimens is an incision in the posterior 
vaginal fornix (cul de sac), which is termed culdotomy or posterior 
colpotomy. This has most frequently been used for removal of ovar- 
ian masses or the uterus during laparoscopic-assisted vaginal hyster- 
ectomy and occasionally for other solid organs. 



C. Retrieval Bags 

Use of a specimen retrieval bag minimizes the risk of contamination and 
specimen loss. This is particularly important when the specimen may be malig- 
nant, infected, leaking or friable. Commercially manufactured bags and re- 
trieval devices are available for this purpose but sterile gloves, glove fingers, 
condoms, or other containers may suffice. The important features to consider in 
selecting a retrieval bag are its strength, size, aperture, maneuverability, ease of 
deployment and retrieval, and porosity. Bags are typically made of polyure- 
thane or of nylon with a polyurethane coating. Nylon bags are more resistant to 
tearing and are preferred for removing larger specimens that must be frag- 
mented in the bag, such as the spleen or kidney. 

The precise technique of specimen retrieval in a bag varies according to the 
specific specimen and bag employed but there are several common principles. 
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1. Bag insertion: Tightly roll the bag and insert it through an appropri- 
ately located cannula. Depending upon the size of the bag, either in- 
sert it directly through the cannula, through a reducing sleeve, or 
through the port incision with the cannula removed. A special two- 
pronged introducer facilitates insertion of larger bags. Coat the out- 
side of the bag with water-soluble lubricant to make it slide easily 

2. Bag deployment: Pull the bag gently out of the cannula or sleeve. 
Use two graspers, placed through other cannula sites, to unroll it. 
Grasp the edges of the bag and open the mouth by pulling in opposite 
directions. Use a third instrument, if necessary, to help open the bag 
by moving along the front edge in a circular direction. A commonly 
used commercial device consists of a bag with a flexible metal ring at 
its mouth, contained in a plastic sheath. The sheath is introduced 
through a cannula and the device deployed by advancing a plunger. A 
flexible ring automatically holds the bag open. Once the specimen is 
contained, a ring is pulled to close the bag. 

3. Specimen entrapment: This is generally the most difficult step, par- 
ticularly for large organs. Hold the mouth of the bag open with two, 
or preferably three (to allow triangulation of the opening), graspers. 
Manipulate the open bag so it lies behind the specimen, with the 
mouth facing the surgeon. Allow sufficient working distance for 
comfortable manipulation. For example, when retrieving the spleen, 
the closed end of the bag is positioned toward the diaphragm. Ad- 
vance the grasper holding the specimen all the way to the depth of the 
bag. The specimen should enter the bag, and the entire specimen 
must fit within the bag prior to closure. Manipulating large organs 
can be difficult and care must be taken not to rupture the specimen. 
Wherever possible, grasp connective tissue around the organ rather 
than the organ itself. In some instances it may be useful to leave a 
portion of the organ attached (for example, ligaments attaching the 
spleen to the diaphragm) and to divide this attachment only when the 
rest of the specimen has been maneuvered into the bag. Proper posi- 
tioning of the patient may also facilitate entrapment (i.e., Trendelen- 
burg, reverse Trendelenburg, rotation). 

4. Bag closure: Commercial bags are usually equipped with a draw- 
string that must be tightened. Close small plastic bags, glove fingers, 
or condoms with a preformed endoscopic ligature. 

5. Bag extraction: Keep the bag under constant laparoscopic visual 
control as it is pulled to the cannula site. Withdraw the bag and can- 
nula (if still in place) through the abdominal wall as a unit. Small 
bags may be directly removed through a 10- to 12-mm port site. Usu- 
ally the bag is partially pulled through the abdominal wall and se- 
cured externally. The bag and contained specimen are removed by 
either enlarging the port site, as described above, or by reducing the 
specimen in size by fragmentation (for example, spleen or kidney) or 
removing portions (for example, gallstones). Resist the temptation to 
pull hard, and use care to avoid puncturing or tearing the bag. 
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D. Specimen Fragmentation/Morcellation 

Morcellation or fragmentation is an appropriate method for removing large 
solid specimens when it is not necessary to preserve the gross architecture of 
the organ for pathology. Classic examples include the spleen removed for im- 
mune thrombocytopenic purpura or the kidney removed for benign parenchy- 
mal disease. Fragmentation is contraindicated for the removal of known or 
potentially malignant tumors. 

Place the specimen in a sturdy, nonporous retrieval bag. Partially external- 
ize the bag and open it. Break up the specimen and remove it piecemeal using 
ring forceps, clamps, suction catheters, or a commercial tissue morcellator. 
Maintain direct laparoscopic visualization of the sac and take care to avoid 
rupture of the sac and peritoneal spillage. 



E. Complications of Specimen Retrieval 

Attention to the technical details of specimen retrieval is critical to avoid- 
ance of some potentially vexing and devastating problems. The principal com- 
plications related to removal of laparoscopic specimens are self evident and 
include: 

1 . Internal specimen loss. This is less likely to happen if adequate time 
and care are taken during removal. Confining manipulations to a re- 
gion of the abdomen where the specimen can be easily retrieved if 
dropped, or tagging it with a long suture, are two precautions that can 
safeguard against loss if the specimen is dropped. 

2. Specimen rupture (consequences of which can include infection, 
splenosis, tumor dissemination, and inadequate pathologic assess- 
ment). This can be avoided by individualizing the technique of 
specimen removal, considering the size of the specimen and its 
physical characteristics, and handling it gently. 

3. Wound infection. Grossly infected specimens (for example, a perfo- 
rated appendix) should be placed in specimen bags rather than pulled 
through the abdominal wall. 

4. Tumor implantation at port site. The mechanism of this complica- 
tion is not fully understood. Common sense suggests that malignant 
or potentially malignant specimens (for example, thick-walled gall- 
bladders) should be placed in specimen bags rather than pulled di- 
rectly through the abdominal wall. 

5. Visceral injury (due to entrapment during extraction). This can be 
avoided by maintaining constant visual laparoscopic control. Large 
specimen bags may obscure visualization of the area behind the bag 
and extra care must be taken during bag extraction. Awareness of the 
potential for this complication, and a bit of extra vigilance, should 
prevent its occurrence. 

6. Incisional hernia. All trocar sites must be closed in an appropriate 
fashion to avoid this complication. 
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9. Documentation 
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A. General Considerations 

Modem video technology converts the optical image from a laparoscopic 
lens to an electronic signal that can be displayed, transmitted, and recorded. 
Electronic images can be recorded in a variety of formats either as videos or as 
still images. The value of these recorded images lies in the ability to subse- 
quently communicate information for clinical, scientific, educational, and 
medicolegal purposes. New formats for video imaging and laparoscopic docu- 
mentation will continue to become available as technology develops. Cost, 
equipment, storage requirements, and general availability of a particular format 
are important practical considerations. 



B. Components of Video Imaging 

Important components of a video image include luminance (brightness), 
resolution, color, light sensitivity, signal to noise ratio, and image size. 

The development of the Hopkins rod lens system used in modem laparo- 
scopes was key to allowing photographic and video documentation. Light is 
transmitted through a series of glass rods with lenses at the ends rather than 
through air as in previous lens systems. This provides improved light transmis- 
sion with higher resolution, a wider viewing angle, and a larger image. The 
problem of insufficient illumination for laparoscopic documentation was over- 
come by the development of the high intensity (300 W) xenon lamp, which is 
now the standard light source. Newer light sources have been developed for use 
with cameras that are more light sensitive. Light is transmitted from the lamp to 
the laparoscope through cables. There are two types of cables: fiberoptic and 
fluid. Fiberoptic cables are flexible but do not transmit a precise light spectmm. 
Fluid cables transmit more light and a complete spectrum but are more rigid. 
Fluid cables require soaking for sterilization and cannot be gas sterilized. 

The basis of laparoscopic cameras is the solid-state silicon computer chip 
or CCD (charge-coupled device). This consists of an array of light-sensitive 
silicon elements. Silicon emits an electrical charge when exposed to light. 
These charges can be amplified, transmitted, displayed, and recorded. Each 
silicon element contributes one unit (referred to as a pixel) to the total image. 
The resolution or clarity of the image depends upon the number of pixels or 
light receptors on the chip. Standard cameras in laparoscopic use contain 
250,(X)0 to 380,000 pixels. Of course the clarity of the image eventually dis- 
played or recorded will also depend on the resolution capability of the monitor 
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and the recording medium. Standard consumer-grade video monitors have 350 
lines of horizontal resolution; monitors with about 700 lines are preferred for 
laparoscopic surgery. 

The importance of the operator and of maintenance personnel for obtaining 
a quality video image cannot be underestimated. Besides assuring proper elec- 
tronics, the operator must attend to mechanical details such as lens cleaning, 
focusing, and framing. No improvements in electronic signal processing can 
overcome the limitation of a scope that is damaged or a lens that is fogged, 
smeared, or out of focus. The ocular (proximal) and objective (distal) lenses of 
the laparoscope as well as the camera lens must be checked. The objective lens 
can be cleaned internally with irrigation and externally by wiping with cotton 
gauze soaked in warm water (not saline) and then wiping with dry gauze before 
applying anti-fogging solution. It is imperative that the cannulas are clean and 
that no tissue is in the way during introduction of the scope. 



C. Types of Video Signals 

The video systems used in laparoscopic surgery and elsewhere grew out of 
television broadcast technology. Television analog systems read and transmit 
an image using scanning lines. In digital systems, a row of silicon elements on 
the CCD chip replaces the scanning line. The number of scanning lines repre- 
sents the number of lines of information that can be transmitted and displayed 
on a monitor. The standard NTSC (National Television Systems Committee) 
format used in North America and Japan consists of 525 lines scanning at a rate 
of 30 frames per second. Systems used in other parts of the world (PAL or 
Phase Alternating Line and SECAM or Sequentiel Couleur et M^moire) use 
625 lines at 25 frames per second. Computer-enhanced high-definition televi- 
sion (HDTV) systems that are under development may have more than 1,000 
scanning lines and can incorporate 5 or 6 times more information than standard 
television and video formats. By comparison, the human eye can distinguish 
the equivalent of some 1600 scan lines and the resolution of 35mm photo- 
graphic film is about 2300 scan lines. 

Standard television and simple video signals are composite signals, mean- 
ing that all of the image information is carried over a single channel. These 
signals are subject to a certain amount of degradation during transmission and 
processing. Dividing the signal into components that are transmitted over sepa- 
rate channels provides a higher quality image. Super VHS (S-VHS or S-Video) 
splits the signal into separate components for brightness (luminance=Y) and 
color (chrominance=C). An RGB signal divides the color into red, green, and 
blue components that are transmitted over separate channels. A fourth channel 
carries brightness information. Modem laparoscopic cameras have multiple 
output slots on the camera box that permit the operator to select the type of 
signal output. Obviously the monitor or recording equipment receiving the 
signal must be compatible in order to reconstmct the information (Fig. 9.1). 
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Figure 9.1. Signal output from the camera box and signal input to the monitor 
or recording equipment must be compatible. (From SAGES Video Production 
Guidelines.) 



Image quality can also be improved by digital processing of the CCD sig- 
nal. The original image is captured as an analog signal. This signal is transmit- 
ted as a continuous electronic waveform that is subject to interference and dis- 
tortion. Digital systems convert the analog signal into binary code, which better 
preserves the original information and lessens distortion during reconstruction. 
Unlike analog images, digital recordings retain the quality of the original when 
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duplicated or copied. Digital recordings can also be enhanced and modified for 
other applications in ways that analog images cannot. 



D. Recording Media 

There are multiple options for documenting laparoscopic procedures as ei- 
ther continuous recordings or still pictures. In this era of electronic data man- 
agement the present state of the art would be to digitalize images for storage on 
magnetic or optical disks. For practical purposes most documentation is done 
using videotapes or still video printers. 

Videotapes obtained by attaching a videocassette recorder to the imaging 
system have become the standard for continuous documentation. A variety of 
videotape formats are available; V/' VHS and 8mm are acceptable but inferior 
in quality to V/' S-VHS, V/' U-Matic, Betacam, and high 8 mm. Digital video 
recorders provide higher quality than analog recordings but are more expensive 
and to date not as widely used. Although there are many choices of videotape 
format, realistic considerations such as cost, equipment, widespread availability 
and anticipation of changing technology generally limit selection. V/' S-VHS 
or VHS are standard for most applications. The Y/C component signal of the S- 
VHS format provides better resolution than the single-channel composite signal 
of VHS systems. S-VHS machines can also record and play either S-VHS or 
conventional VHS tapes. 

The best quality still images are photographs taken through a 35mm camera 
attached directly to the eyepiece of the laparoscope. Unfortunately, this method 
can be inconvenient. Still images are usually obtained from commercially 
available video printers or slide makers that receive the electronic image from 
the camera. Laparoscopic images can also be put on a disk recorder and stored 
on optical (laser) or floppy disk for later retrieval. 

TTie way in which the video recording equipment is connected to the im- 
aging system is important. If the camera box has multiple outlets for compo- 
nent signals (Y/C or S- Video, RGB), then both the recorder and the primary 
monitor can be hooked up to the camera directly (Fig. 9.2). For example, one 
Y/C port can be connected to the recorder and the second Y/C outlet or the 
RGB outlet (depending upon the camera control unit) can be connected to the 
monitor. This is a parallel arrangement and neither the recorded image or the 
image displayed on the monitor will be degraded. In a serial hookup the cam- 
era, recorder, and monitor are connected in a line. If the signal goes to the re- 
corder first and to the monitor second, the image on the monitor may be some- 
what degraded. If the signal goes to the monitor first, the quality of the 
recorded image will not be as high. As the complexity of the system increases, 
problems due to loose or incorrect connections become more likely. Chapter 1 , 
Equipment Setup and Troubleshooting, and the SAGES Laparoscopy Trouble- 
shooting Guide provide helpful information for problem solving. 
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Figure 9.2. Diagram showing one way to connect several documentation 
sources and monitors. (From Berci G, Paz-Partlow M. Video imaging. In: 
MacFayden BV, Ponsky JL, eds. Operative Laparoscopy and Thoracoscopy. 
Philadelphia: Lippincott-Raven, 1996. Used with permission.) 





9. Laparoscopy: Documentation 



93 



E. Selected References 

Berci G, Paz-Partlow M. Video imaging. In: MacFayden BV, Ponsky JL, eds. Operative 
Laparoscopy and Thoracoscopy. Philadelphia: Lippincott-Raven, 1996. 

Cartmill J, Aamodt D. Video systems in laparoscopy. In: Graber JN, Schultz LS, Pietra- 
fitta JJ, Hickok DF, eds. Laparoscopic Abdominal Surgery. New York: McGraw- 
Hill, 1993. 

Szabo Z, SAGES Educational Resources Committee. Video Production Guidelines. Soci- 
ety of American Gastrointestinal Endoscopic Surgeons, 1996. 




10.1. Special Problems: 
Massive Obesity 



Cornelius Doherty, M.D., F.A.C.S. 



A. Physiologic Alterations Associated with 
Massive Obesity 

Massively obese patients should increasingly be considered acceptable 
candidates for basic and advanced minimal access laparoscopic procedures as 
technology and surgical skills improve. Massive obesity denotes a body mass 
index of 40 or greater, where body mass index is calculated as weight in kilo- 
grams divided by the square of the height in meters (kg/m^). 

As the body mass index increases, pathophysiological alterations add com- 
plexity and risk to laparoscopic surgery. Central or android fat distribution 
magnifies these alterations, which include thick anterior abdominal wall, large 
fatty liver, massive omentum, prominence of the colon, and increased intra- 
abdominal pressure. Massively obese patients have a fat mass that is 60% or 
more of their ideal body mass. The cardiovascular and respiratory demands 
necessary to support such a fat mass must not be jeopardized by anesthesia and 
pneumoperitoneum. Intensive monitoring and important perioperative care 
enhancements are required for a safe and effective outcome. Physiologic 
changes that accompany morbid obesity are summarized in Table 10.1.1. 

Table 10.1.1. Pathophysiologic alterations of morbid obesity that correlate with 
excess body weight 

• Significantly increased total blood volume 

• Increased cardiac output 

• Increased oxygen cost of breathing compared to 
the increased mechanical work of breathing 

• Decreased pulmonary compliance 



Simply placing a morbidly obese patient supine significantly impairs a 
number of cardiopulmonary parameters. The changes that occur when a mor- 
bidly obese patient moves from the sitting to the supine position are detailed in 
Table 10.1.2. 

In addition to the changes summarized in Table 10.1.2, the pulmonary 
closing volume (CV) becomes a greater proportion of the pulmonary functional 
residual capacity (FRC). Changes in pulmonary closing volume result in small- 
airway closure in the supine position. Mechanical ventilation using appropriate 
ventilatory patterns can minimize the work of breathing, improve oxygenation 
through improving the closing volume-to-functional residual capacity ratio. 
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and reduce the tendency toward pulmonary congestion found in massively 
obese patients when supine. 

Table 10.1.2. Hemodynamic changes associated with the change from sitting to 
supine position, morbid obesity 

• 1 1% T in oxygen consumption (VO 2 ) 

• 35.5% T in cardiac output (CO) 

• 35.8% T in cardiac index (Cl) 

• 17.85% i in arteriovenous oxygen difference 

• 3 1% T in mean pulmonary artery pressure (PAP) 

• 44% T in pulmonary wedge pressure (PAWP) 

• 21 .5% i in peripheral resistance (PR) 

• 6% i in heart rate (HR) 

• 17.7% T in venous admixture (QJQ) 



B. Measures to Decrease Risk of Complications in 
Morbidly Obese Patients Undergoing 
Laparoscopy 

When a massively obese patient is in the supine position, the heart responds 
to the increased preload and increased work of breathing by increasing output. 
This response minimizes the rise in filling pressure and resulting pulmonary 
congestion and simultaneously masks the effects of increased intrapulmonary 
shunting on arterial oxygenation. 

Morbidly obese patients are at higher risk of thromboembolic complica- 
tions in the perioperative period. Several measures can be taken to minimize 
these risk. These are summarized in Table 10.1.3. 

Table 10.1.3. Measures to decrease risk of thromboembolic phenomena in the 
severely obese patient 

• Preoperative hydration with dextrose and water to overcome the hy- 
percoagulation associated with mobilized free fatty acids that occurs 
in the massively obese during fasting 

• Low-dose heparin 

• No venipunctures of the lower extremities 

• External venous compression stockings that overcome stasis and 
venous return problems that accompany pneumoperitoneum and re- 
versed Trendelenburg positioning (Venodyne, Division of Advanced 
Instruments, Inc., Norwood, MA, manufactures a comfort lined 
compression sleeve designed especially for the morbidly obese; the 
extra-large size accommodates a calf circumference of 20 to 24 
inches or 50 to 61 centimeters) 
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Table 10.1.3. continued 

• Ambulation soon after operation and frequently throughout the 
postoperative period 



C. Technical Considerations for Laparoscopic 
Surgery in the Morbidly Obese 

1. Production of pneumoperitoneum and general considerations: The 
open Hasson technique of trocar placement has disadvantages in the massively 
obese. The depth of the wound requires retraction that interferes with direct 
vision and frequently widens the wound, making it very difficult to maintain a 
tight seal. The trauma associated with the retraction of the wound plus the 
avascular adipose tissue predispose to infection. A Veress needle technique in 
the left upper quadrant has the advantages of less trauma, better seal, and equal 
safety. Maintain intra-abdominal pressure at 14 to 16 mm Hg. This pressure 
represents a compromise between the poor exposure of intra-abdominal struc- 
tures afforded by lower intra-abdominal pressures and the adverse hemody- 
namic consequences of higher pressures. At operating pressures of 15 mm Hg, 
venous return through the inferior vena cava is reduced by approximately 50%. 

Intermittent compression stockings overcome or diminish the hemody- 
namic consequences of pneumoperitoneum. Complete relaxation of the ab- 
dominal muscular wall increases the intra-abdominal operative space. The ten- 
sile strength of the relaxed abdominal wall rests in its fascial-aponeurotic 
layers. The dosage of muscle relaxants used must be individualized. Clinical 
observations have repeatedly confirmed that obliteration of the neuromuscular 
junction between the ulnar nerve and the hypothenar muscles does not reliably 
indicate complete relaxation of the abdominal musculature in the massively 
obese. 

Placement of dilators and tubes into the stomach through the mouth should 
be a cooperative activity between the anesthesiologist and the surgeon to avoid 
inadvertent perforation of the esophagus. 

2. Enhancements that facilitate upper abdominal exposure: The major- 
ity of experience with laparoscopic procedures in these patients has been upper 
abdominal. Laparoscopic cholecystectomy, hiatal hernia repair, and even bari- 
atric surgery have all been reported. The usually available operating room table 
for general surgery procedures has limitations that fail to meet the needs of the 
morbidly obese patient. A recently developed accessory attachment for the 
Midmark 7100 General Surgery table with the extreme reverse trendelenburg 
attachment (ERTA) has expanded the range of the head-up, feet-down tilt posi- 
tion to 62 degrees. Such positioning uses the force of gravity to open the upper 
abdominal operative field. The Midmark 7100 general surgery table is engi- 
neered for use for patients whose body weight is up to 500 pounds or 226 kg. 

In the head-up, feet-down tilt position, the transverse colon, omentum, and 
small bowel drop down from the upper abdomen toward the pelvis. Visualiza- 
tion of the diaphragm, esophagogastric junction, spleen, stomach, and lesser sac 
is improved. The phrenoesophageal epiphrenic fat pad can be removed or used 
as a handle to manipulate the stomach and esophagus. Good exposure means 
less trauma to tissues and shorter operation time. It eliminates time-consuming. 
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repeated steps to maintain unobstructed operative access (e.g., the annoying 
problem of the omentum obscuring the operative field). Retraction of the trans- 
verse colon and omentum risks bleeding from avulsion of the splenic capsule. 

Patients tolerate extreme head-up, feet-down tilt positioning remarkably 
well, when a cautious and orderly protocol is followed. The routine used is 
summarized in Table 10.1.4. 

Table 10.1.4. Routine for extreme reverse trendelenberg positioning in mor- 
bidly obese patients 

1. Patients are well hydrated. 

2. Two large-bore intravenous catheters are in place. 

3. Continuous monitoring of systemic arterial blood pressure is done. 

4. Activate external intermittent venous compression devices on the lower 
extremities prior to the induction of general anesthesia. 

5. Suspend the upper extremities with skin traction and poles attached to 
the operating room table. 

6. Pad all pressure point sites including the foot plate while the patient is 
awake and can identify points of discomfort. Careful application of 
padding and securement straps on the lower extremities prevents flex- 
ion of the knees in the head-up, feet-down tilt position. 

7. Gradually initiate the head-up, feet-down tilt positioning. Some patients 
require several boluses of 250 to 500 ml of balanced salt solution be- 
fore they can tolerate the extreme head-up, feet-down tilt position. 
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A. Indications for Laparoscopic Surgery During 
Pregnancy 

The field of laparoscopic general surgery has exploded since the first lapa- 
roscopic cholecystectomy was performed in the late 1980’s. Initially, preg- 
nancy was considered an absolute contraindication to laparoscopic surgery. 
Recent clinical reports have demonstrated the feasibility, advantages and po- 
tential safety of laparoscopic cholecystectomy in the pregnant patient. How- 
ever, concerns about the effects of a carbon dioxide pneumoperitoneum on 
mother and fetus persist, resulting in controversy and concern. 

Nongynecologic surgery is required in 0.2% of all pregnancies. 

1. The safest time to operate on the pregnant patient is during the sec- 
ond trimester when the risks of teratogenesis, miscarriage and pre- 
term delivery are lowest. The incidence of spontaneous abortion is 
highest in the first trimester (12%), decreasing to 0% by the third. 
During the second trimester there is a 5-8% incidence of preterm la- 
bor and premature delivery which increases to 30% in the third tri- 
mester. In addition, the risk of teratogenesis seen in the first trimester 
is no longer present during the second trimester. Finally, the gravid 
uterus is not yet large enough to obscure the operative field as is the 
case during the third trimester. 

2. The most common indications for operation on the pregnant patient 
are acute appendicitis and biliary tract disease. 

a. Acute appendicitis occurs in 1 out of 15(X) pregnancies. Accu- 
rate diagnosis becomes more difficult as the pregnancy pro- 
gresses resulting in a correct preoperative diagnosis in 85% of 
patients evaluated in the first trimester of pregnancy, which de- 
creases to only 30-50% in the third. The usual hallmarks of 
acute appendicitis such as abdominal pain, accompanying gas- 
trointestinal symptoms, and leukocytosis may already be present 
in a normal third trimester pregnancy, obscuring the correct di- 
agnosis. In addition, the description and location of the pain may 
change significantly as the uterus enlarges. The morbidity and 
mortality seen in the pregnant patient with acute appendicitis re- 
sults from a delay in diagnosis and treatment. This delay leads to 
a 10-15% perforation rate. Fetal mortality has been shown to in- 
crease with perforation from 5% to 28% while premature deliv- 
ery can be as high as 40% in this situation. Therefore, the preg- 
nant patient suspected of having acute appendicitis should be 
treated as if she were not pregnant. Immediate exploration after 
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appropriate resuscitation is mandated regardless of gestational 
age. 

b. Biliary tract disease: Gallstones are present in 12% of all preg- 
nancies and a cholecystectomy is performed in 3-8 out of 10,000 
pregnancies. 

i. An uncomplicated open cholecystectomy in a pregnant 
patient should be accompanied by a 0% maternal mortality, 
5% fetal loss and 7% preterm labor. 

ii. Complications such as gallstone pancreatitis or acute 
cholecystitis will increase maternal mortality to 15% and 
fetal demise to 60%. 

iii. Patients with uncomplicated biliary colic should be 
treated medically with nonfat diets and pain medications 
until after delivery. Patients who present in the first times- 
ter of pregnancy with crescendo biliary colic or persistent 
vomiting should be medically managed if possible until 
they are in the second trimester. Pregnant patients in the 
second trimester of pregnancy who present with the above 
complications of biliary tract disease will need operative 
treatment during the second trimester after appropriate re- 
suscitation. Patients with these complications who present 
in the third trimester of pregnancy should be treated con- 
servatively until after delivery if possible or at least until a 
gestational age of 28-30 weeks in order to maximize fetal 
viability. 



B. Advantages and Feasibility of Laparoscopic 
Surgery During Pregnancy 

Potentially, laparoscopic surgery in the pregnant patient should result in the 
proven advantages of laparoscopy seen in the nonpregnant patient: decreased 
pain, earlier return of gastrointestinal function, earlier ambulation, decreased 
hospital stay and faster return to routine activity. In addition, a decreased rate 
of premature delivery due to decreased uterine manipulation, decreased fetal 
depression secondary to decreased narcotic usage and a lower rate of incisional 
hernias may be seen in the pregnant patient. 

To date, approximately 150 laparoscopic cholecystectomies in pregnant 
patients have been reported in the literature. Average operative time was 55 
minutes and average length of stay was 1.3 days. There were no reports of ma- 
ternal complications or deaths. Of 99 babies delivered at time of publication, 3 
were premature and one was bom with hyaline membrane disease at 37 weeks 
gestation. The remaining 95 were fullterm and healthy. There were no intraop- 
erative fetal deaths or complications. 

One study has retrospectively compared pregnant patients undergoing open 
laparotomy to pregnant patients undergoing laparoscopic surgery and found the 
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latter resumed regular diet earlier, required less pain medication and were hos- 
pitalized for a shorter time. These differences were statistically significant. 



C. Disadvantages and Concerns about 
Laparoscopic Surgery During Pregnancy 

Concerns about laparoscopic surgery in the pregnant patient center on three 
areas: 

1 . Increased intraabdominal pressure can lead to decreased inferior vena 
caval return resulting in decreased cardiac output. The fetus is de- 
pendent on maternal hemodynamic stability. The primary cause of 
fetal demise is maternal hypotension or hypoxia, so a fall in maternal 
cardiac output could result in fetal distress. 

2. The increased intraabdominal pressure seen with a pneumoperito- 
neum could lead to decreased uterine blood flow and increased in- 
tra-uterine pressure, both of which could result in fetal hypoxia. 

3. Carbon dioxide is absorbed across the peritoneum and can lead to 
respiratory acidosis in both mother and fetus. Fetal acidosis could 
be potentiated by the decreased vena caval return. 

One clinical study has reported 4 fetal deaths following laparoscopic sur- 
gery. Three occurred during the first postoperative week and the last 4 weeks 
postoperatively. The causes of death are unknown but might be related to pro- 
longed operative time. The operative times in these 4 patients was 106 minutes 
compared to the average of 55 minutes seen in the other studies. The laparo- 
scopic procedure was performed for pancreatitis in 3 of these women and a 
perforated appendix in the fourth. It is possible that fetal loss was the result of 
the inflammatory process itself rather than the laparoscopy per se. There is a 
4% fetal mortality rate for all reported laparoscopic cholecystectomies. It com- 
pares favorably with a 5% fetal mortality rate seen with open procedures. 

Animal studies raise several concerns about the effects of a carbon dioxide 
pneumoperitoneum on the mother and fetus. Because of the complexity of the 
maternal-fetal unit, it is useful to summarize these individually: 

1. In pregnant baboons, a CO 2 pneumoperitoneum held at 20 mm Hg 
pressure for 20 minutes resulted in increased pulmonary capillary 
wedge pressure, pulmonary artery pressure and central venous pres- 
sure. The mothers developed a respiratory acidosis despite controlled 
ventilation and an increase in respiratory rate. One fetus developed 
severe bradycardia which responded to desufflation. 

2. In pregnant ewes, no change in maternal placental blood flow was 
seen after 2 hours of 13 mm Hg pressure. However, maternal and fe- 
tal respiratory acidosis developed. Fetal tachycardia, fetal hyperten- 
sion, an increase in intra-uterine pressure and a decrease in uterine 
blood flow were also seen in pregnant ewes undergoing a carbon di- 
oxide pneumoperitoneum at 15 mm Hg. 

3. Maternal respiratory acidosis and severe fetal respiratory acidosis are 
common findings in all studies utilizing a CO 2 pneumoperitoneum in 
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pregnant animals. Changes in respiratory rate did not completely cor- 
rect the problems. Despite these problems, one study demonstrated 
that the ewes delivered fullterm healthy lambs following intraab- 
dominal insufflation to 15 mm Hg pressure with carbon dioxide for 
one hour. 

4. The physiologic changes exhibited by the pregnant ewe and fetus 
during insufflation with CO^ are not present with nitrous oxide. Fetal 
tachycardia, hypertension, and acidosis as well as maternal acidosis 
are not present when utilizing a nitrous oxide pneumoperitoneum in 
animal studies. Use of nitrous oxide as an insufflating gas in the 
pregnant woman has yet to be evaluated, but may prove to be safer 
than carbon dioxide, (see Chapter 5.1, Pneumoperitoneum, for a dis- 
cussion of various insufflating agents). 



D. Guidelines 

The following practices should be followed when performing laparoscopic 
surgery in the pregnant patient to minimize adverse effects on the fetus or 
mother. More information is given in the SAGES Guidelines for Laparoscopic 
Surgery During Pregnancy (see Appendix). 

1. Place the patient in the left lateral decubitus position as with open 
surgery to prevent uterine compression of the inferior vena cava. 
Minimizing the degree of reverse Trendelenburg position may also 
further reduce possible uterine compression of the vena cava. 

2. Use antiembolic devices to prevent deep venous thrombosis. Stasis 
of blood in the lower extremities is common in pregnancy. Levels of 
febrinogen and factors VII and XII are increased during pregnancy 
leading to an increased risk of thromboembolic events. These 
changes, coupled with the decreased venous return seen with in- 
creased intraabdominal pressure and the reverse Trendelenburg posi- 
tion used during laparoscopic surgery, significantly increase the risk 
of deep venous thrombosis. 

3. An open Hasson technique for gaining access to the abdominal cav- 
ity is safer than a closed percutaneous puncture. Several authors have 
inserted a Verres needle in the right upper quadrant without compli- 
cations, but the potential for puncture of the uterus or intestine still 
exists, especially with increasing gestational age. 

4. Maintain the intraabdominal pressure as low as possible while 
still achieving adequate visualization. A pressure of less than 12-15 
mm Hg should be used until concerns about the effects of high intra- 
abdominal pressure on the fetus are answered. 

5. Continuously monitor maternal endtidal CO^ and maintain it be- 
tween 25-30 mm by changing the minute ventilation. Promptly cor- 
recting any evidence of maternal respiratory acidosis is critical as the 
fetus is typically slightly more acidotic than the mother. 

6. Use continuous intraoperative fetal monitoring. If fetal distress is 
noted, release the pneumoperitoneum immediately. Monitoring 
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should be used even if the fetus is not viable, as the desufflation may 
reverse fetal distress, preventing serious problems. Transabdominal 
ultrasound fetal monitoring may not be effective because the estab- 
lishment of the pneumoperitoneum may decrease fetal heart tones, so 
intravaginal ultrasound may be necessary for intraoperative monitor- 
ing. 

7. If intraoperative cholangiography is to be performed, protect the fe- 
tus. 

8. Minimize operative time. Several studies have demonstrated a cor- 
relation between the duration of a CO^ pneumoperitoneum and an in- 
crease in PaC 02 . 

9. Tocolytic agents should not be administered prophylactically but are 
appropriate if there is any evidence of uterine irritability or contrac- 
tions. 

10. Trocar placement 

a. Biliary tract disease: Place a Hasson trocar above the umbili- 
cus. Place the remaining ports under direct visualization in the 
usual locations. 

b. Appendicitis/diagnostic laparoscopy: Place a Hasson trocar in 
the subxiphoid region. Insert the camera and locate the appendix 
or other inflammatory process. Insert the remaining trocars in 
locations appropriate to the pathology. For appendicitis, this will 
usually be the right upper quadrant at the costal margin and in 
the right lower quadrant. Ocasionally an additional port might 
need to be placed just above the uterus. If the uterus is too large 
and appendectomy cannot be performed laparoscopically, then 
laparoscopic visualization of the appendix may help determine 
the best location for the open incision. 

In conclusion, animal studies indicate that a CO 2 pneumoperitoneum causes 
fetal acidosis which may not be corrected by changes in maternal respiratory 
status. These intraoperative findings do not appear to have any longterm ad- 
verse effects on the fetus. The pregnant patient clearly benefits from laparo- 
scopic surgery and should be offered this option as long as the above guidelines 
are followed. 
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10.3. Previous Abdominal Surgery 



Norman B. Halpern, M.D., F.A.C.S. 



A. General Considerations 

Previous intra-abdominal operation may have only trivial impact on the 
performance of a subsequent laparoscopic procedure or may render laparos- 
copy not only unwise, but impossible. This wide spectrum of influence is re- 
lated to the substantial variation in patients’ tendencies to form postoperative 
adhesions. The laparoscopic surgeon should not be intimidated by the potential 
difficulties posed by such adhesions, but should approach the circumstances 
with an awareness of the strategies and tactics that have been utilized routinely 
and successfully during decades of traditional (open) operations. The influence 
of previous abdominal incision on choice of access for induction of pneumo- 
peritoneum was discussed briefly in Chapter 4, and is considered more fully 
here. 



B. Preoperative Analysis and Planning 

During preoperative planning, first consider the geographical relation- 
ships of the previous and the intended operations. For example, the most 
commonly performed general surgical laparoscopic procedure is cholecystec- 
tomy, usually upon women. Since many women have previously undergone 
transabdominal hysterectomy, infraumbilical body wall adhesions may interfere 
with periumbilical cannula placement, although ^e remainder of the cholecys- 
tectomy may be entirely uneventful. Unfortunately, however, adhesions are not 
always limited to the precise area of the incision, but may occupy a much 
greater expanse of the peritoneal membrane than the cutaneous scar would 
suggest. 

Next, determine whether the old scar has healed properly or has devel- 
oped a herniation. If weakness is detected, the operative plan should include 
hernia repair. Since laparoscopic techniques for incisional hernia repair have 
not been widely applied, a suitable approach would be a combined operation. If 
the hernia is located remotely from the laparoscopic field, then a conventional 
herniorrhaphy could precede the laparoscopy. If the hernia is in the general area 
of the anticipated laparoscopy (e.g., an upper midline hernia in a patient being 
considered for laparoscopic cholecystectomy), it may be preferable to utilize 
that weakened incision for an open procedure with repair at the time of closure. 

Finally, consider patient positioning, operating table tilt and roll capa- 
bilities, and accessories (ankle straps, footboard) and assure that the benefits 
of gravity and shifting tissue/organ relationships may be exploited if necessary. 
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C. Access to the Peritoneal Cavity 

Carefully plan the steps to achieve intra-abdominal access. Make the 
initial entry at a reasonable distance from any obvious scars. Possible access 
sites relative to common scars are illustrated in Chapter 4. 

1. Some surgeons utilize an alternate-site Veress needle puncture tech- 
nique (for example, the left subcostal region). For most, the Hasson 
cannula is a straightforward and possibly safer means, and some sur- 
geons use this technique routinely. With practice, this will be found 
to be an expeditious means for entering any quadrant by making a 
miniature muscle-splitting incision in the subcostal, hypogastric, 
flank, or other region. Just as with open operations, however, bowel 
that happens to be adherent immediately under the chosen site of en- 
try will be damaged by any blind cutting, spreading, or cauterization. 
If there is any question as to adherent underlying tissue, the initially 
chosen site may need to be abandoned and another one selected. 

2. Achieving appropriate working distance is another reason for judi- 
cious selection of the entry site. Avoid ending up too close to any tis- 
sue of interest. There must be a comfortable working distance avail- 
able to the surgeon to properly manipulate instruments, either for 
lysing the interfering adhesions, or for performing the primary proce- 
dure. Secondary cannulas must then be placed with these considera- 
tions in mind, also. 



D. Managing Adhesions 

Once the peritoneal cavity has been reached safely, the presence and ex- 
tent of any adhesions will become apparent. The surgeon must resist the 
common tendency to excessively eliminate adhesions. Only those adhesions 
that truly interfere with visualization of the area of interest or would prevent the 
placement of subsequent cannulas under vision should be dealt with. At times, 
the end of the telescope can be very easily manipulated around the edge of a 
sheet of omentum, suspended from the elevated body wall like a curtain, or 
fenestrated areas can be used as windows through which the scope can be ad- 
vanced toward the operative area. If these maneuvers are not applicable, then 
adhesion lysis must be begun. 

Safe lysis of adhesions requires a combination of skillful technique and 
attention to visual cues. If the line of tissue adherence can be recognized, it 
will provide the most expeditious path to follow, with the least chance of caus- 
ing significant bleeding or visceral injury. Principles of traction/countertraction 
are essential components of this phase of the operation, and the surgeon may 
occasionally need to experiment with varying directions of pull on the tissues to 
clearly display the boundary lines. For body wall adhesions, the combination of 
gravity pulling the tissues down while the distended abdominal wall moves in 
the opposite direction sometimes provides adequate stretch to allow the dissec- 
tion to be done with only one working instrument. Frequently, however (and 
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especially with viscera-to-viscera adherence), an assisting grasper is required, 
with its cannula being carefully positioned according to principles mentioned 
previously. 



E. Instrument Considerations 

The best tool to be used for adhesion lysis is determined by the circum- 
stances and the characteristics of the adhesions and surrounding tissues. Natu- 
rally weak areas of areolar tissues appear “foamy” and can be swept away us- 
ing techniques resembling finger dissection. Rounded graspers, the blunt edges 
of the scissors blades, and even the suction-irrigator all accomplish the same 
result with these types of adhesions. For more firmly adherent structures, how- 
ever, scissors may be the next choice. If the fusion of the tissues has not re- 
sulted in very much neovascularity, then adding cautery current to the scissors’ 
action is not helpful, as long as the proper plane of dissection is followed. 

Use of the cautery tool requires diligence and respect for the potential tis- 
sue damage that may result from uncontrolled electrical energy. In addition, the 
surgeon’s expectations for hemostasis must be realistic, using coaptive coagu- 
lation (pinching while applying current) for some vessels, but clips or ligatures 
for larger ones. Techniques for utilizing J- or L-shaped cautery devices com- 
monly involve a hook-pull-bum sequence, but if the surgeon places sturdy 
traction on the tissues, and then gently sweeps or caresses with the elbow of the 
wire, a more precise and delicate separation of tissues will follow, as if the 
traction is actually performing the dissection, and the current is merely weak- 
ening the adherence. Although bipolar electrocautery instmments and Har- 
monic scalpel (Ultracision, Ethicon Endo-Surgery, Cinncinati, OH) devices are 
commercially available, their actual usage and availability is probably some- 
what limited compared to conventional monopolar instmmentation. 

The loss of natural proprioceptive processes cannot be eliminated but 
can be minimized by careful attention to instrument design and function. 
The acceptability of the “feel” of a dissecting or grasping instmment is deter- 
mined partly by personal preference. For example, some surgeons find rotatable 
instrument shafts to be very useful; however, others dislike the added bulk and 
the change in balance produced by the rotating mechanism. Other design fea- 
tures such as length, shaft flexibility, overall weight, and handle configurations 
must each be considered as a surgeon is determining whether adequate dexter- 
ity exists and whether careful tissue handling will be accomplished. It is par- 
ticularly important for the closing and spreading movements of the jaws to be 
smooth and effortless, otherwise it will be impossible to sense how much force 
is being applied to the tissues. 

The use of an angled lens laparoscope (for example, a 30-degree laparo- 
scope) is sometimes extremely helpful. Observing adhesions and abnormal 
tissue relationships from more than a single vantage point renders new, safer, or 
more productive dissection pathways apparent. Remember that although such 
lenses are conventionally thought of as “looking down,” there may be great 
advantages to looking “up” or from a “sideways” perspective. 
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F. Complications 

No operative procedure is risk free. If an operation requires more than the 
usual efforts for tissue dissection or organ manipulation, there likely will be an 
increased opportunity for mishaps, so the surgeon must develop a keen sense 
of vigilance for any potentially dangerous situations. 

1 . Bleeding 

a. Cause and prevention: Although not life-threatening, any ad- 
ditional blood loss during a laparoscopic procedure not only can 
be time-consuming to control, but can add to the frustration and 
mental fatigue associated with an already difficult operation. In 
addition, if tissues become blood stained, ability to recognize 
structures may be impaired, and illumination is less effective. 
Careful, painstaking dissection is the best preventive measure. 

b. Recognition and management: Minimization of blood loss will 
be favorably influenced by rigorous attention to tissue planes, by 
careful observation of tissue characteristics, and by appropriate 
precautionary use of electrocautery or other hemostatic maneu- 
vers. Such maneuvers, however, may cause injuries to adjacent 
structures if hurriedly applied, especially during efforts to con- 
trol active bleeding. Remember that simple pressure — even with 
the scissors blades that created the problem — is an immediately 
available solution to consider when confronted with a spurting 
vessel. (See Chapter 6, Principles of Laparoscopic Hemostasis, 
for a discussion of management strategies.) 

2. Visceral injury 

a. Cause and prevention: This can result from excessive traction, 
as well as cutting, burning, or ligating misidentified structures. 
As previously described, careful controlled dissection in a 
bloodless field, with identification of all structures as the dissec- 
tion progresses, is crucial to prevent these injuries. 

b. Recognition and management: With solid organ injury (liver, 
spleen), bleeding is the immediate, as well as the obvious, con- 
sequence. Management of these injuries is primarily directed at 
obtaining hemostasis. Injuries to hollow viscera may be subtle 
and apparent only because of the appearance of luminal con- 
tents. The decision to perform a laparoscopic repair, as con- 
trasted to open conversion, should be influenced by the charac- 
teristics of the tissues and associated injury, as well as the 
surgeon’s experience and capabilities. A “delayed” intestinal 
perforation, manifesting itself as postoperative peritonitis, may 
very well be an intraoperative injury that was undetected. For 
that reason, prior to removing the laparoscope, the mandatory 
final step of the operation should be a methodical inspection of 
all intra-abdominal areas that had been subjected to adhesion ly- 
sis, tissue manipulation, or actions to control bleeding. 
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11. Emergency Laparoscopy 



Jonathan M. Sackier, M.D., F.R.C.S., F.A.C.S. 



A. General Considerations 

Diagnostic laparoscopy can provide important information in the emer- 
gency setting. It provides a minimally traumatic way to confirm or exclude a 
diagnosis. Clinical judgment must be used to exclude problems best served by 
formal laparotomy. The indications for emergency laparoscopy can be conven- 
iently grouped into those related to abdominal pain and those related to trauma 
(Table 11.1). Other indications are continually emerging, and it is important to 
individualize patient management in this area. 



Table 11.1. Indications for emergency laparoscopy 



Abdominal pain 


• Right lower quadrant pain 
(r/o gynecologic pathology) 

• Right upper quadrant pain 
(r/o Fitz-Hugh-Curtis syn- 
drome) 

• Peritonitis 

• Mesenteric ischemia 

• Intra-abdominal abscess, not 
amenable to image-guided 
drainage 

• Acalculous cholecystitis 

• Small bowel obstruction 

• Fever of unknown origin 

• Gastrointestinal hemorrhage of 
unexplained etiology 


Trauma 


• Blunt abdominal trauma 

• Penetrating trauma 

■ Exclude peritoneal pene- 
tration 

■ Evaluate diaphragm 



The indications for each type of diagnostic laparoscopic examination will 
be briefly discussed, and specific technical details will be explained. 
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B. Abdominal Pain 

Laparoscopy should be used in a well-reasoned fashion in the algorithm for 
evaluation of abdominal pain, and should not sidestep other accepted treatment 
plans such as observation and sequential abdominal examinations. A young 
woman presenting with right lower quadrant pain in whom the differential 
diagnosis includes acute appendicitis may be well served by diagnostic laparos- 
copy. This should be performed in the operating room with appropriate consent 
through laparoscopic appendectomy (see Chapter 25). The gynecologist should 
be informed of the plans to take the patient to the operating room after he or she 
has seen the patient, if considered appropriate. In women of reproductive age 
with right upper quadrant pain and negative studies, the diagnosis of Fitz- 
Hughes-Curtis syndrome should be entertained. Laparoscopy provides the 
opportunity to confirm this entity and divide the perihepatic adhesions. 

In certain individuals with signs and symptoms of peritonitis, diagnostic 
laparoscopy can precede laparotomy and assist in making the appropriate inci- 
sion. For instance, a stoic individual may have a perforated duodenal ulcer 
mimicking appendicitis. Laparoscopy provides the correct diagnosis and avoids 
a misplaced right lower quadrant incision. Good surgical judgment should be 
exercised, and in the moribund patient it may be wiser to proceed directly to 
laparotomy. 

Laparoscopy may be of use in evaluating the individual with abdominal 
pain or sepsis of unknown etiology in the emergency setting, when the clinical 
picture is confused by alcohol or drug abuse, senility, or advanced age. 

In the critically ill patient in the intensive care unit, diagnostic laparos- 
copy may be performed at the bedside, and yield important information or even 
be therapeutic in these circumstances: 

1. Mesenteric ischemia: These patients are often elderly and fragile 
and if seen to have widespread gangrenous bowel, appropriate clini- 
cal decisions can be made. If the patient does go on to have an em- 
bolectomy or resection, a cannula can be left in situ for second-look 
laparoscopy. 

2. Intra-abdominal abscess: When computed tomography (CT) guided 
drainage is not feasible, laparoscopic guided drainage may be a use- 
ful alternative to formal laparotomy. 

3. Acalculous cholecystitis: The difficult diagnosis of acalculous cho- 
lecystitis may be made at laparoscopy. If percutaneous drainage is 
not possible for technical reasons, laparoscopically guided cholecys- 
tostomy is a useful option. 

Small bowel obstruction due to adhesions may be diagnosed and treated 
laparoscopically (see Chapter 10.3, Special Problems: Previous Abdominal 
Surgery). This should be reserved for the skilled laparoscopist, and great care 
must be taken in handling the bowel. 

Unexplained shock: In certain very specific circumstances laparoscopy 
may be of value. For instance, in the young patient with no history of trauma 
who is admitted in profound shock with an abdomen containing free blood, 
laparoscopy can be used to confirm spontaneous splenic rupture. 
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Fever of unknown origin; In the emergency patient presenting with ab- 
dominal signs and fever, especially if there is a history of foreign travel or re- 
cent immigration, the diagnosis of tuberculosis or brucellosis should be consid- 
ered. Laparoscopy can assist in confirming these entities. 

In a limited number of cases a full range of diagnostic studies will not elu- 
cidate the cause of GI bleeding. Usually this will be in a young patient with no 
history of prior surgery, in which case a Meckel’s diverticulum may be respon- 
sible. The minimally invasive approach can be used to run the bowel, find the 
cause, and resect the offending lesion. 



C. Conduct of Diagnostic Laparoscopy for 
Abdominal Pain 

Diagnostic laparoscopy is best performed in the operating room, for it 
may be necessary to continue and add a therapeutic laparoscopy or convert to 
laparotomy. It is feasible to perform diagnostic laparoscopy in the ICU, if the 
staff is familiar with these techniques. Several points of technique simplify the 
management of these patients. 

1. Stand on the side of the patient opposite the anticipated pathology. 
Plan to move to whichever side of the patient is necessary and be 
prepared to move around to gain access to all four quadrants of the 
abdomen. 

2. The video monitors should be mobile, for in most circumstances it is 
necessary to be able to move them, depending on the source of the 
pathology in peritonitis. Obviously, for right lower quadrant pain the 
monitor should be toward the right side of the foot of the bed. 

3. Unless prior abdominal surgery suggests otherwise, insert the lapa- 
roscope at the umbilicus. Five-millimeter laparoscopes are available 
and may be placed through a 5 -mm cannula. Generally a 10-mm 
laparoscope provides better light and view, and therefore a larger tro- 
car is placed. 

4. It will normally be necessary to place at least one additional trocar 
to manipulate, palpate, and move viscera for a thorough exploration. 
Where this is placed depends on the pathology. If it is necessary to 
run the bowel, two 5 -mm trocars should be placed, equidistant from 
the umbilical site, in the midline. 

5. Both a 30-degree laparoscope and a 0-degree laparoscope should 
be available. If on inserting the telescope it is immediately apparent 
there is a major abdominal catastrophe requiring laparotomy, the 
scope should withdrawn and the abdomen entered in conventional 
fashion. 

6. If a deflned laparoscopic procedure (for example, appendectomy or 
plication of a perforated ulcer) is necessary, refer to the appropriate 
chapter. 

7. In the case of mesenteric ischemia requiring laparotomy, the proce- 
dure should be completed by placing a 10-mm cannula lateral to the 
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rectus sheath, a purse-string suture placed around the fascial entrance 
site, and the tip of the cannula buried in a pocket of peritoneum. In 
this manner the cannula can be moved to free up the tip; pneumo- 
peritoneum is induced at the bedside in the intensive care unit 24 
hours later, and after laparoscopy the cannula is withdrawn and the 
purse-string tightened. This has been used in lieu of second-look 
formal laparotomy. 



D. Laparoscopy for Trauma 

Laparoscopy is indicated in blunt trauma when there is a suggestion of 
multisystem injury and it is important to triage the patient. Alternatives include 
diagnostic peritoneal lavage, CT scan, and ultrasound, all of which by inter- 
pretation of data may lead to false negatives and false positives. Again, lapa- 
roscopy is not a panacea and should be used appropriately. 

Although it is probably not necessary to state the obvious, always remem- 
ber the priorities of trauma management — airway, breathing, circulation. The 
patient who clearly has an expanding abdominal girth and hypotension or a 
mechanism of injury highly suggestive for a major abdominal catastrophe is 
best served by prompt laparotomy. In patients with a low probability of injury, 
diagnostic laparoscopy can be performed under local anesthesia in the emer- 
gency room, thus enabling efficient triage. 

Laparoscopy has also been used as part of selective management technique 
for penetrating trauma. For stab wounds below the nipples, laparoscopy is an 
alternative technique. If the patient is cooperative, this can be performed in the 
emergency room under local anesthesia. Similarly, small-caliber tangential 
gunshot wounds (with one apparent entrance and one apparent exit wound), 
particularly in obese patients with no abdominal signs, may be managed by a 
selective policy that includes diagnostic laparoscopy rather than laparotomy. 



E. Conduct of Laparoscopy for Trauma 

Diagnostic laparoscopy for trauma may be performed in the emergency 
room or in the operating room. The purpose is to exclude or confirm intra- 
abdominal injury. Attention to a few points will maximize the chance of suc- 
cess. 

1. Place the patient supine on the operating table or emergency room 
gurney. 

2. Stand opposite the entrance wound (for penetrating trauma) and po- 
sition the main video monitor directly opposite. 

3. Unless prior surgery or other circumstances dictate, the laparoscope 
should be inserted through the umbilicus. 

4. Triage is the purpose of the laparoscopy and the 5-mm minilaparo- 
scope can be used. It may not be necessary to place further trocars. 
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5. If further trocars are needed, one should position these in the mid- 
abdomen on the side opposite to the entrance wound. If the surgeon 
wishes to run the bowel or manipulate the liver and stomach to ex- 
amine the diaphragm, 5-mm trocars on either side of the abdomen to 
accommodate bowel graspers will be necessary. Additionally, the ta- 
ble should be of the variety that can be tilted up, down, right, and left. 

6. If the patient has a stab wound between the nipples and costal margin 
always check the chest x-ray to ensure that there is no pneumotho- 
rax, for otherwise the possibility of creating a tension pneumothorax 
exists. An unrecognized diaphragmatic injury will allow the insuf- 
flating gas to enter the chest, producing a pneumothorax. 

7. For stab wounds the entrance site must first be closed, the pneu- 
moperitoneum created, and the laparoscope inserted. The stab wound 
is indented and if no penetration of the underlying peritoneum is 
seen, one can assume there has been no intraabdominal damage. 

8. In gunshot wounds the laparoscope must be positioned in such a 
way that it is in between the entrance and exit wounds so that both 
can be evaluated in similar fashion to stab wounds. Obviously if no 
peritoneal penetration is seen and no expanding hematoma is noted 
within the abdominal wall, the patient can receive appropriate wound 
care without formal laparotomy. 

9. In the case of blunt abdominal trauma, characterize the nature of 
bleeding using a standard grading system such as the one in Ta- 
ble 1 1.2. Generally grade 2 or grade 3 hemoperitoneum requires for- 
mal laparotomy. Depending upon the mechanism of injury, the sur- 
geon may choose to observe patients with grade 1 hemoperitoneum 
(for example, a minor splenic laceration that has stopped bleeding), 
and grade 0 is a normal examination. 



Table 11.2. Grading system for hemoperitoneum observed at diagnostic lapa- 
roscopy 

• Grade 0: No blood is seen within the peritoneal cavity. 

• Grade 1 : Small flecks of blood on the bowel or small amounts of blood 
in the paracolic gutters. Blood does not recur when aspirated. No 
bleeding sight is seen. 

• Grade 2: Blood is seen between loops of bowel and in the paracolic 
gutter. Blood recurs after aspiration. 

• Grade 3: Frank blood is aspirated from the Veress needle or the intes- 
tines are noted to be floating on a pool of blood. 



It is difficult to evaluate the spleen for bleeding, for it is usually covered by 
the omentum. Bulging of the omentum or a large quantity of intra-abdominal 
blood in the presence of no obvious liver laceration is a clue that the spleen 
may have been damaged. 

Besides hemoperitoneum, bowel content in the paracolic gutter is a clear 
indication of intestinal injury. 
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Appropriate use of this algorithm might save 25% of nontherapeutic lapa- 
rotomies that may occur with diagnostic peritoneal lavage (DPL) or CT scan 
evaluation. 

The complications of laparoscopy for trauma include not only the usual 
complications of anesthesia and laparoscopy, but also some that are unique to 
the trauma patient. 

1 . In blunt trauma the patient may have sustained a closed head injury in 
addition to a suspected abdominal injury. It has been demonstrated 
that pneumoperitoneum and reverse Trendelenburg position both lead 
to increased intracranial pressure with potentially serious conse- 
quences. 

2. Hypothermia: Insufflation of cold carbon dioxide exacerbates cool- 
ing of an already compromised patient with resultant acidosis. 

3. In a high abdominal stab wound, pneumothorax is a potential dan- 
ger. 

4. Physiologic changes such as acidosis, cardiac suppression, arrhyth- 
mias, and gas absorption causing subcutaneous emphysema, may 
have more profound consequences in the trauma patient. 
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A. Diagnostic Laparoscopy 

The laparoscope has become an important tool in the diagnosis of benign 
and malignant conditions in the abdominal cavity. This modality should be 
utilized in conjunction with conventional imaging techniques such as computed 
tomography (CT), percutaneous ultrasound, magnetic resonance imaging 
(MRI), and other radiologic and nuclear medicine studies to differentiate be- 
tween benign and malignant processes as well as to assess the degree of poten- 
tial metastatic disease in the abdominal cavity. The laparoscope may also be 
used to identify the underlying cause of unexplained ascites. 

1. Indications for elective diagnostic laparoscopy: Patients with under- 
lying malignancy may have either primary or metastatic malignant disease 
within the abdomen. Common lesions such as carcinoma of the pancreas, stom- 
ach, and colorectum are reasons to consider diagnostic laparoscopy for full 
preoperative assessment (Table 12.1). Frequently, melanoma of the trunk or 
extremities may metastasize to the small bowel, causing unexplained bleeding 
or chronic intermittent small bowel obstruction. A patient with these findings 
may benefit from a laparoscopic examination. Other indications for laparo- 
scopic staging include the full assessment of patients with Hodgkin’s lym- 
phoma to plan appropriate chemotherapy and/or radiation therapy. 

Table 12.1. Indications for laparoscopic staging of abdominal tumors 

• Preoperative assessment prior to major extirpation 

• Documentation of hepatic or nodal involvement 

• Confirmation of imaging studies 

• Therapeutic decision making for Hodgkin’s disease 

• Full assessment of ascitic fluid 



The laparoscope may be utilized for general inspection of the abdominal 
cavity and as a method of obtaining tissue from solid organs such as liver or 
lymph nodes (Table 12.2). Imaging studies give only indirect evidence of un- 
derlying disease and, therefore, the laparoscope may be used for directed bi- 
opsy, obtaining of cytolologic specimens by peritoneal lavage, or fine-needle 
aspiration techniques. In some part of the world, infectious diseases (such as 
tuberculosis or parasitic infestation) causing abdominal problems may be more 
prevalent than cancer, and laparoscopic examination assists in the differential 
diagnosis of these entities. Diagnostic laparoscopy is also beneficial for patients 
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with chronic abdominal pain who have had limited abdominal procedures in the 
past. This is especially true in women who have undergone hysterectomy and 
who have chronic pelvic pain. The identification and lysis of adhesions may be 
beneficial in this group. 

Table 12.2. Techniques utilized during diagnostic or staging laparoscopy 

• Full abdominal and pelvic evaluation 

• Division of gastrohepatic omentum 

• Biopsy using cupped forceps or core needle 

• Abdominal lavage for cytological study 

• Retrieval of ascitic fluid for cytology and culture 

• Identification and removal of enlarged lymph nodes 

• Laparoscopic ultrasound 



2. Technique of elective diagnostic laparoscopy: After appropriate pre- 
operative evaluation, diagnostic laparoscopy may be performed under either 
general or local anesthesia. General anesthesia is preferred for most cases, es- 
pecially if cancer staging is to be performed. Diagnostic laparoscopy may be 
performed in the operating room (most common) or in a treatment area 
equipped for administration of anesthesia and with full resuscitative support. A 
proper table that allows the patient to be placed in both full Trendelenburg and 
reverse Trendelenburg positions during examination is essential. Appropriate 
time should be taken for a full examination of the upper and lower abdomen. 
This generally requires creating a pneumoperitoneum using carbon dioxide at 
10 to 12 mm Hg. 

A 10 mm laparoscope is preferred utilizing both 0-degree and 30-degree 
laparoscopes for full visualization. Place the laparoscope through a mid-line 
subumbilical trocar site using a 10/1 1 -mm trocar sleeve. Depending on the area 
to be examined, place one or two additional 5-mm trocars in each upper quad- 
rant. These will be used for grasping forceps, palpating probes, and biopsy 
forceps. 

Biopsy may be performed with cupped forceps passed through either a 5- 
or 10-mm trocar sleeve. Alternatively, cutting biopsy needles may be used to 
obtain liver or nodal tissue (Fig. 12.1). The needle biopsy may be performed 
percutaneously under laparoscopic guidance, or the biopsy needle may be 
passed through one of the 5-mm trocar sheaths. It is important to perform bi- 
opsy cleanly without crushing tissue which might reduce the opportunity for 
pathological review. 

Specific areas of biopsy depend on the nature of the lesion and the tumor 
undergoing staging, and several malignancies will be discussed individually in 
the sections that follow. For example, in patients with lower esophageal and 
gastric cancer, the liver must be closely inspected and any lesions on the sur- 
face of the liver should be biopsied. In addition, the gastrohepatic and gastro- 
colic omental areas may be divided to allow for evaluation of nodal tissue in 
these areas. Lymph nodes should be removed intact, if possible, to achieve 
better histologic identification. In assessing the patient with pancreatic cancer, 
the duodenum may be mobilized using a Kocher maneuver. 
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Figure 12.1. Trocar and needle placement for liver biopsy. The biopsy needle 
may be passed through a trocar or percutaneously through the abdominal wall. 



Retroduodenal tissue may be biops ied and lymph nodes may be assessed 
using this technique. The gastrocolic omentum should be divided and the supe- 
rior pancreatic area should be to observe for evidence of local or regional pan- 
creatic cancer. In addition, lavage with 500 ml. of saline should routinely be 
performed to obtain fluid for cytologic investigation. The fluid should be totally 
removed and sent to the cytology laboratory to be spun and evaluated for ma- 
lignant cells. Staging for pancreatic cancer prior to the planning of a Whipple 
procedure should be a separate event to allow for the assessment of cytology 
results and any biopsy specimens taken during the procedure. The laparoscope 
may not completely aid in the examination of the retropancreatic region espe- 
cially in the region of the superior mesenteric artery and vein. Additional tech- 
niques specifically utilizing intraoperative laparoscopic ultrasound may aid in 
this assessment. 
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B. Esophageal Carcinoma (Squamous and 
Adenocarcinoma) 

The majority of esophageal cancers occur in the middle and distal third and 
are predominantly squamous cell. Recently there has been an increase in the 
incidence of adenocarcinoma of the distal esophagus, seen in association with 
Barrett’s changes, and believed to be related to reflux esophagitis. The classic 
approach to esophageal cancer management has been esophagectomy with 
reconstruction using either the stomach or the colon as an interposed organ. 
Because of the recent advances in esophageal cancer management using che- 
motherapy and radiation, postoperative or neoadjuvant therapy may be impor- 
tant in many of these patients. In addition, nodal involvement in carcinoma of 
the esophagus occurs in both the mediastinal area as well as the celiac region 
and may be advanced even when imaging studies fail to show nodal disease. 
Patients with advanced esophageal cancer, although amenable to palliation, 
may not benefit from major extirpative surgery. In these cases radiation with 
placement of new expandable stents may give appropriate treatment and sup- 
port quality of life. 

Laparoscopic assessment of esophageal cancer is important to identify the 
group of patients that will not benefit by esophagectomy. Careful assessment of 
the liver as well as the celiac axis can identify occult nodes in these regions or 
small metastases that have not been apparent on preoperative imaging studies. 

The technique of laparoscopy for the assessment of esophageal cancer 
utilizes three ports; an umbilical port for the laparoscope and two accessory 
ports, one in each subcostal region. 

1 . Begin the assessment of the abdomen by placing the patient in steep 
Trendelenburg position and inspecting the pelvic peritoneum, looking 
for small peritoneal metastases. 

2. Next, place the operating table in a neutral position. Rotate it sequen- 
tially to the right and left decubitus positions (commonly termed 
“airplaning” the table) and look for ascites. Aspirate any fluid and 
send it for cytology. 

3. Next, inspect the liver. The reverse Trendelenburg position, with the 
left side down, assists by allowing the liver to drop down out of the 
subdiaphragmatic space. Look at all visible surfaces of the liver, us- 
ing an angled laparascope to facilitate inspection. Carefully assess the 
liver for any unusual adhesions or plaques, which may initially ap- 
pear benign yet harbor small metastases. Biopsy any suspicious areas 
with cup forceps or cutting needle. 

4. Biopsy any lesions seen on the peritoneum or omentum with cupped 
forceps also. Electrocautery is extremely useful, as bleeding may oc- 
cur; diagnostic laparoscopic examination should not be undertaken 
without this capability. 

5. Next, examine the anterior wall of the stomach and the region of the 
esophageal hiatus (Fig. 12.2). Place the table in reverse Trendelen- 
burg position and use a 30-degree laparoscope. 
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Figure 12.2. Approach to the esophageal hiatus. 





Figure 12.3. Laparoscope switched to right upper quadrant portal and passed into lesser sac through opening in avascular portion of 
gastrohepatic omentum. Traction on the stomach facilitates this maneuver. 
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6. Divide the gastrohepatic omentum to search for lymph nodes in the 
region of the subhepatic space and the lesser curvature extending up 
to the esophageal hiatus. Lymph nodes in the region of the left gastric 
and celiac vessels may be inspected by this technique. Pass the lapa- 
roscope into the lesser sac for full identification (Fig. 12.3). If large 
frozen-section-positive nodes are found, place metal clips to facili- 
tate planning of radiation therapy, if appropriate. 



C. Gastric Cancer 

Although the approach to cancer of the stomach is generally resection 
whether it be for cure or palliation, laparoscopic evaluation may be important 
in patients who present with advanced disease and who are unresectable. Re- 
cently, there has been a trend of more patients with carcinoma of the cardia and 
proximal stomach than with the antral carcinomas previously seen. The as- 
sessment of the patient with gastric cancer is similar to that noted in esophageal 
cancer, and many of the same maneuvers are involved. Because of the gener- 
ally poor results with radiation and chemotherapy in the management of gastric 
cancer, these patients may be candidates for palliative resection. 



D. Tumors of the Liver (Primary and Metastatic) 

Laparoscopic assessment of primary hepatic tumors is ideal since many of 
these tumors involve the surface of the liver. The recent application of laparo- 
scopic ultrasound has aided in the identification of tumors deep to Glisson’s 
capsule. Although metastatic disease of the liver is the most common indication 
for laparoscopic assessment, given the worldwide incidence of hepatocellular 
cancer and the increase in hepatic tumors associated with chronic hepatitis, 
evaluation of hepatocellular cancer is becoming increasingly more important. 
Traditional imaging studies may underestimate involvement of the liver, and 
this becomes critically important when hepatic resection is being considered. 

1. A three-trocar technique is used for hepatic assessment, with an 
umbilical trocar for the laparoscope, and accessory ports in the left 
and right upper quadrants. Peritoneal attachments to the liver may 
need division based on the anatomical findings in the specific patient 
(Fig. 12.4). 

2. Hepatic lesions may have a variety of colors including white, gray, or 
yellow, and may be nodular or have a depressed center forming a 
“moon crater” or a “volcano” appearance. These lesions may also 
have increased vascularity giving a hyperemic appearance. 

3. Biopsy techniques using cutting needles or cup forceps are indicated. 
Electrocautery should be immediately available to achieve hemosta- 
sis. If a bleeding vessel is noted it is generally just below the liver 
capsule and can be handled easily by combining pressure with the 
cautery tip at the time cauterization is applied. 
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4. In patients with hepatocellular cancer, diffuse lesions in both lobes of 
the liver as well as extrahepatic disease are obvious contraindications 
to primary resection. These patients may also have associated cirrho- 
sis as a manifestation of chronic alcohol ingestion or hepatitis. Lapa- 
roscopy is important in the identification of the cirrhotic liver, which 
may also be a major contraindication to further resection. 




Figure 12.4. Schematic of peritoneal attachments of liver, which may need to 
be divided for full assessment of the hepatic surface. Generally this is not re- 
quired, but the laparoscopist should be aware of the regional anatomy. 



E. Pancreatic Carcinoma 

Currently the most beneficial use of preoperative laparoscopic evaluation is 
in the management of patients with pancreatic cancer, which may aid in identi- 
fying patients in whom cancer cells are already disseminated throughout the 
abdomen, precluding curative resection. The identification of advanced nodal, 
peritoneal, or hepatic disease is important prior to undertaking celiotomy. This 
is especially true in patients with carcinoma of the body and tail since these 
tumors generally are identified later in the course when compared to patients 
who have carcinomas of the head of the pancreas and present with early jaun- 
dice. 

1 . The goals of laparoscopic evaluation in pancreatic cancer are to as- 
sess peripancreatic nodes as well as remote sites that may harbor 
metastases. 

2. Perform direct inspection of the pancreas by dividing the gastrocolic 
and gastrohepatic omental areas and inserting the laparoscope into 
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the lesser sac. Needle aspiration or biopsy of peripancreatic masses 
may be accomplished in this manner, if a tissue diagnosis has not 
previously been obtained. 

3. Pancreatitis and the development of adhesions in this area may render 
inspection of the lesser sac difficult. Gentle dissection of these adhe- 
sions along with electrocautery support may allow for excellent in- 
spection of the pancreatic body and tail with opportunity for laparo- 
scopically guided biopsy in a large number of patients. 

4. The major purpose of laparoscopy is to look for superficial peritoneal 
and hepatic masses that have not been identified by conventional im- 
aging studies. Using a combination of laparoscopy and CT or MRI of 
the abdomen, at least 90% of unresectible tumors can be identified, 
which benefits a large group of patients without the need for ex- 
ploratory celiotomy. 

5. Cytologic investigation of peritoneal washings should be performed 
if other examinations are negative. Carcinoma cells may be obtained 
from the free peritoneal cavity even when the peritoneum itself is 
grossly free of metastatic implants. 



F. Staging of Other Malignancies, Including 
Hodgkin Disease 

Laparoscopic staging may also be utilized in patients with primary genito- 
urinary malignancies including testicular tumors and prostate cancer. These are 
discussed in more detail in Chapter 32, Lymph Node Biopsy, Dissection, and 
Staging Laparotomy. Levels of serum tumor markers are used to delineate a 
subgroup of these patients that may benefit from preoperative laparoscopic 
assessment. 

Patients with Hodgkin’s disease may undergo limited staging laparoscopic 
procedures or complete laparoscopic staging (equivalent to staging laparotomy) 
including splenectomy. Hodgkin’s disease may present as local, regional, or 
systemic disease. The traditional open-staging laparotomy includes wedge and 
needle biopsy of the liver, retroperitoneal and para-aortic nodal dissection, iliac 
nodal dissection, and splenectomy. Staging laparotomy has largely been sup- 
planted by modem imaging techniques, but still has a role in selected cases 
where therapeutic decisions require precise assessment of intra-abdominal dis- 
ease. Staging laparoscopy for Hodgkin’s disease combines several procedures 
that are described in detail in other sections (e.g., laparoscopic splenectomy). A 
few remarks about the conduct of a staging laparoscopic examination for 
Hodgkin’s disease may be helpful, however. 

1. The Hasson cannula approach is preferred because tissue must be 
removed during the procedure (see Chapter 8, Principles of Specimen 
Removal). 

2. Perform a fiill abdominal evaluation, and biopsy any nodules on the 
surface of the liver. If, as is usually the case, the liver appears grossly 
normal, take a wedge biopsy of the liver (using either suture control 
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or a laparoscopic stapler for hemostasis). Generally it will be most 
convenient to take this wedge from the left lobe of the liver. Perform 
a deep cutting needle biopsy of the other lobe of the liver, generally 
the right lobe. 

3. A splenectomy is still considered traditional in full staging for 
Hodgkin’s disease and can be accomplished laparoscopically (see 
Chapter 31, Laparoscopic Splenectomy). Some protocols utilize a 
selective approach to splenectomy, based upon imaging studies and 
intraoperative findings, and this trend may continue. 

4. Perform a careful inspection of the spleen in all patients. Identify the 
region of the tail of the pancreas and hilum of the spleen, and search 
for splenic hilar lymph nodes. Intraoperative ultrasound, discussed 
later in this section, is extremely helpful. The hilum of the spleen and 
region of the tail of the pancreas should be identified to assess nodes 
in this region. 

5. Approach the para-aortic lymph nodes directly through the base of 
the transverse mesocolon. Prior study using lymphangiography may 
identify abnormal nodal regions that could be approached laparo- 
scopically. 

6. The nodes in the region of the common iliac vessels may be more 
easily approached and either sampled or totally removed for identifi- 
cation. See Chapter 32 for more information on the technique of node 
dissection in this region and in the pelvis. 

7. Perform a careful assessment of the pelvis in young women and con- 
sider oophoropexy if pelvic irradiation is contemplated. Prior con- 
sultation with the radiation therapy department will determine 
whether or not this maneuver is needed. In addition, small clips could 
be placed in the region of the ovaries to guide the radiation oncologist 
in treatment planning. Traditionally, oophoropexy may preserve 
ovarian function in 50% of patients receiving pelvic irradiation, but is 
less commonly needed with newer treatment protocols. 



G. Laparoscopic Ultrasound in Cancer Staging 

Laparoscopic cancer staging should include routine adjunctive laparoscopic 
ultrasound (LUS), which assists in identifying small lesions and directing biop- 
sies. LUS examination uses either linear array or sector scan probes with rigid 
or flexible tips in frequencies ranging from 5 to 10 MHz. Color Doppler may 
be available to discern venous or arterial blood flow. These probes allow high- 
resolution imaging of the liver, bile ducts, pancreas, abdominal vessels, and 
lymph nodes. Overall, the application of LUS in cancer staging increases the 
accuracy by approximately 5% to 25% in patients evaluated. 

This section gives specific techniques for various anatomic regions, and 
should be considered complementary to sections B through F (which deal with 
specific malignancies). 

1. Liver. Generally three trocars are used, including a 10/11 trocar in 
the right upper quadrant, an umbilical port for the laparoscope, and a 




12. Elective Diagnostic Laparoscopy and Cancer Staging 125 

left upper quadrant port (Fig. 12.5). Pass a flexible or rigid ultrasound 
probe over the right lobe, medial segment of the left lobe, and lateral 
segment of the left lobe to identify lesions in the hepatic parenchyma. 
The anterior and posterior surfaces may be scanned easily without 
mobilization of the liver. 

a. Contact between the ultrasound probe and the liver surface may 
be improved by lowering the pressure setting on the insufflator 
and allowing the pneumoperitoneum to partially collapse. 

b. Identify hemangiomas and differentiate these from metastatic le- 
sions by their compressibility, elicited either by contact with the 
ultrasound probe directly or by palpation with an instrument. 
Small hemangiomas are usually hyperechoic. 

c. Small liver metastases are usually hypoechoic compared to nor- 
mal liver parenchyma or isoechoic with a hypoechoic halo. Bi- 
opsy suspicious lesions with a cutting needle or biopsy forceps. 
Lesions as small as 3 mm may be identified by LUS. 




Figure 12.5. Trocar sites for laparoscopic ultrasound examination. 
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2. Biliary tract (See also Chapter 13.3, Laparoscopic Cholecystectomy: 
Ultrasound and Doppler) 

a. Image the intrahepatic bile ducts, the bifurcation and proximal 
common bile duct by placing the probe on the anterior surface of 
segment IV of the liver. Use the umbilical and subcostal trocars 
alternately to obtain longitudinal and transverse scans. Bile duct 
dilatation, inflammatory bile duct thickening, and localized bile 
duct tumors of 1 cm or less may be seen. 

b. Image the gallbladder either through the liver or by placing the 
probe on the gallbladder itself. 

c. Tumors of the bifurcation or the proximal common bile duct 
are usually isoechoic when compared to liver parenchyma. In 
some patients the falciform ligament prevents the appropriate 
application of the laparoscopic ultrasound probe during the 
evaluation of tumors of the left hepatic duct and surrounding 
area. This may be resolved by scanning segment IV as well as 
segments II and III to the left of the falciform ligament. 

3. Pancreas and periampullary region 

a. Visualize the pancreas, pancreatic duct and common bile duct by 
placing the LUS probe on the stomach and duodenum. Tumors 
in this region are best imaged through the left and right subcos- 
tal trocars, which produce transverse or oblique sections of the 
pancreas. 

b. The portal venous system may also be imaged with LUS. The 
superior mesenteric vein is best evaluated from the left subcostal 
trocar, while the more obliquely oriented portal vein is best im- 
aged from the right subcostal trocar. Vessels of the low-pressure 
portal system are easily compressed by the ultrasound probe, 
falsely implying stenosis when in fact the vessel is normal. Tu- 
mor infiltration into the portal vein is characterized by loss of 
the hyperechoic interface between the vessel lumen and the tu- 
mor. 

c. Adenocarcinomas of the pancreas as well as small cholangiocar- 
cinomas and carcinomas of the papilla of Vater (approximately 
1 cm) may be seen as a hypoechoic mass when compared to 
normal pancreas. In contrast, neuroendocrine tumors of the pan- 
creas and duodenal wall show higher echogenicity than adeno- 
carcinomas. 

d. Differentiation between pancreatic inflammation and tumor may 
be quite important. Generally inflamed pancreatic tissue is hy- 
poechoic compared to normal pancreatic parenchyma. 

4. Lymph Nodes: LUS is an ideal technique for evaluating nodes with- 
out performing a formal node dissection. Ultrasound features sug- 
gesting benign nodes include a hyperechoic center, which represents 
hilar fat within the lymph node. If the image is more rounded and 
more hypoechoic with a loss of the hyperechoic center, metastasis 
must be assumed. There is overlap on occasion between benign and 
malignant features of nodes on ultrasound exam. Enlargement of 




12. Elective Diagnostic Laparoscopy and Cancer Staging 127 



lymph nodes by itself is not a characteristic of either benign or ma- 
lignant lesions. 

a. Nodes in the hepatoduodenal ligament and celiac axis are best 
seen through the left lobe of the liver or by direct approximation 
of the LUS probe directly on the hepatoduodenal ligament or 
celiac axis. Localization of these nodes will then allow for lapa- 
roscopic biopsy. This is especially helpful in the preoperative 
staging of gastric carcinoma, or during staging laparoscopy for 
Hodgkin’s disease. 

b. Tumors of the gastric cardia or distal esophagus have an iso- 
echoic appearance on LUS. Nodal involvement especially in the 
celiac and lesser curve areas is apparent on LUS. 
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A. Indications 

The indications for cholecystectomy remain the same and should not be 
liberalized because the laparoscopic procedure is viewed as lower in morbidity 
than its open counterpart. Conditions for which the procedure is used include: 

1. Symptomatic cholelithiasis. Ultrasound confirmation of gallstones 
in conjunction with a classic history is sufficient to make the diagno- 
sis. 

a. The most common symptom pattern consists of episodic epigas- 
tric or right upper quadrant pain occurring several hours after 
meals. 

b. Patients with nonspecific symptoms, such as nausea, bloating, 
indigestion, and flatulence, are sometimes benefited by chole- 
cystectomy; however, the more the symptoms differ from the 
classic pattern of biliary pain, the less likely the patient is to ex- 
perience relief after cholecystectomy. 

2. Acute cholecystitis, typically causing constant right upper quadrant 
discomfort accompanied by objective signs of right upper quadrant 
tenderness, with or without a Murphy’s sign or a palpable mass: Fe- 
ver and leukocytosis are common but not necessary for cholecystitis 
to be present. Despite inflammation, laparoscopic cholecystectomy 
may be accomplished in most patients without conversion to an open 
procedure. 

a. Calculous biliary tract disease causes most acute cholecystitis, 
and stones are seen on ultrasound examination. 

b. Acute acalculous cholecystitis occurs in critically ill patients, 
those on prolonged total parenteral nutrition, and some immuno- 
suppressed patients. Thickening of the gallbladder wall on ultra- 
sound, pericholecystic fluid, or delayed emptying all suggest the 
diagnosis. Although laparoscopic cholecystectomy may be per- 
formed, percutaneous cholecystostomy or laparoscopic chole- 
cystostomy are attractive alternative management options for 
critically ill patients. 

3. Individuals with asymptomatic cholelithiasis may be appropriate 
candidates for laparoscopic cholecystectomy under specific circum- 
stances such as candidacy for renal transplant. 

4. Patients with episodes of right upper quadrant pain, which are “clas- 
sic” for biliary pain without evidence of cholelithiasis on objective 
tests such as ultrasound or endoscopic retrograde cholangiopanerea- 
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tography (ERCP) may also be referred for laparoscopic cholecystec- 
tomy, but sustained resolution of symptoms is less likely in these pa- 
tients. Biliary dyskinesia, determined by objective measurement of 
gallbladder emptying after fatty meal or cholecystokinin infusion, 
may be present in some of these patients. 

5. Gallstone pancreatitis occurs when small stones pass through the 
cystic duct. To prevent recurrence, cholecystectomy should be per- 
formed after the pancreatitis has resolved. Cholangiography is pru- 
dent to exclude small stones in the common duct. 

Contraindications to laparoscopic cholecystectomy include the inability to 
tolerate general anesthesia, significant portal hypertension, and uncorrectable 
coagulopathy. The patient must be a suitable candidate for the equivalent open 
surgical procedure, since conversion to an open procedure may be necessary. 
Multiple prior operations (causing adhesions, see Chapter 10.3), inflammation 
from acute cholecystitis or pancreatitis, or unclear anatomy may preclude safe 
laparoscopic dissection and may require conversion to an open procedure. 
Conversion to an open procedure represents good judgment under these cir- 
cumstances. 



B. Patient Preparation, Position and Room Setup 

Preoperative evaluation should include verification of gallstones and as- 
sessment of common duct size by ultrasound, as well as liver function tests. An 
electrocardiogram (or even specialized cardiac tests) may be prudent to exclude 
the rare patient in whom cardiac ischemia masquerades as biliary colic. Serum 
amylase and lipase to exclude acute pancreatitis are ordered selectively. 

1. The operating table should be compatible with any radiographic 
equipment used for cholangiography (see Chapter 13.3, Cholangiog- 
raphy), even if the routine use of this modality is not planned. 

2. Position the patient supine on the operating table. The arms are usu- 
ally extended, but may be tucked at the side if the patient is slender. 

3. The surgeon stands at the left side of the patient. 

a. Some surgeons place the patient in the low lithotomy position 
and operate from between the patient’s legs. 

b. Place a single monitor at the head of the operating table if this 
position is used. 

4. Two monitors are used, placed on the right and left of the patient near 
the head. The typical room setup is shown in Fig. 13.1.1. 

5. An orogastric tube is placed after induction of anesthesia. Most sur- 
geons place sequential compression stockings to avoid venous stasis 
(it is important to note that there are insufficient data in the literature 
to support this). Some surgeons place a Foley catheter in the bladder. 
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Figure 13.1.1. The most common patient and equipment positions are shown 
here. The cabinet containing the laparoscopic equipment should be placed on 
the side of the operating table opposite the main door, so that a C-arm or other 
radiographic equipment can be brought in if needed. Suction, cautery, and other 
ancillary equipment are similarly placed behind the monitor on the side away 
from the door. 



C. Trocar Position and Choice of Laparoscope 

1. Laparoscopic cholecystectomy usually is performed with four tro- 
cars: two 10-mm trocars (in the mid-epigastrium and umbilicus) and 
two 5-mm trocars along the right costal margin (Fig. 13.1.2). 

a. Place the first 10-mm trocar at the umbilicus, insert the laparo- 
scope, and perform a general exploration of the abdomen. 

b. Although a 0-degree laparoscope can be used, a 30-degree lapa- 
roscope allows more flexibility in obtaining a complete view of 
all structures in the portal area. 

2. Place the patient in reverse Trendelenburg position and turn the oper- 
ating table to the left. 
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Figure 13.1.2. Trocar positions 



a. Under laparoscopic visual control, place two 5 mm trocars along 
the right costal margin. The usual location is two fingerbreadths 
below the costal margin at the mid-clavicular and anterior axil- 
lary lines. These trocars should be approximately 8 to 10 cm 
apart. Exact position may need to be modified depending upon 
patient habitus and the location of the liver relative to the costal 
margin. 

b. The fourth trocar will be the main operating trocar, so good 
placement is crucial. Some surgeons place graspers into the two 
lateral ports and manipulate the liver to estimate where Calot’s 
triangle will be during dissection. The most usual location for 
the fourth trocar is epigastric, at least 10 cm from the laparo- 
scope. The trocar is placed under laparoscopic visual control and 
should be directed to the right of the falciform ligament as it 
enters the abdominal cavity. 
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c. It is often possible to place the epigastric and two subcostal inci- 
sions along the line of an incision suitable for conversion to 
open procedure. 

d. Modify these trocar positions slightly if the lithotomy position is 
used. Move the 10/11 -mm epigastric trocar to the left upper 
quadrant, and place one of the 5-mm trocars to the right of the 
umbilicus. This facilitates two-handed operation from the lithot- 
omy position. 



D. Performing the Cholecystectomy 

1. Pass two atraumatic graspers through the right subcostal trocars. 
Gently elevate the liver by passing these graspers beneath the visible 
liver edge. The gallbladder may be immediate apparent, or may be 
surrounded by omental adhesions. 

2. Adhesions to the underside of the liver and gallbladder may contain 
omentum, colon, stomach, or duodenum, and hence must be dissected 
with care. It is prudent to use cautery as little as possible to avoid 
transmission of energy to the attached structures (which might result 
in delayed perforation of a viscus). 

3. If the gallbladder is acutely inflamed and tense, decompress it before 
attempting to grasp it. 

a. Pass a Veress needle through the abdominal wall under laparo- 
scopic visual control. 

b. Use the graspers, closed, to lift the liver and elevate the gall- 
bladder. 

c. Stab the gallbladder with the Veress needle and connect the nee- 
dle to suction. 

d. Remove the Veress needle and place the fundic grasper on stab 
wound to hold it closed during retraction. Alternatively, use a 
pretied suture ligature to close this small stab wound. 

4. After the fundus of the gallbladder is exposed, the first assistant 
grasps the fundus with an atraumatic locking grasper passed through 
the most lateral of the right subcostal ports. The assistant pushes the 
gallbladder over the liver toward the right shoulder, opening the sub- 
hepatic space and exposing the infundibulum of the gallbladder. 

5. The surgeon or assistant then places a second atraumatic grasper on 
the gallbladder at its base. This grasper is generally also a locking 
grasper, although some surgeons will prefer a nonlocking grasper 
(particularly if a two-handed dissection technique is used). 

a. Throughout dissection, the direction of traction by this infun- 
dibular grasper is critical to prevent errors in identification of the 
ductal structures in this area. 

b. Retract the infundibular grasper laterally to expose Calot’s tri- 
angle (Fig. 13.1.3). 
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6. Begin dissection directly adjacent to the gallbladder. Take down any 
additional adhesions to the base of the gallbladder sharply. 

7. Identify the cystic duct where it enters the gallbladder. The gallblad- 
der should be seen to funnel down and terminate in the cystic duct. 
Move the infundibular grasper backward and forward, from side to 
side, so that the gallbladder-cystic duct junction may be carefully 
delineated. 

8. Some surgeons incise the peritoneum for a centimeter or two upward 
along the edge of the gallbladder and elevate the gallbladder to create 
a large space behind the gallbladder, making it easy to identify 
structures. 

9. Dissect the cystic duct free over an adequate length for cholangiogra- 
phy, if desired (see Chapter 13.3). Generally at least 1 cm of length is 
necessary. 




Figure 13.1.3. Retract the fundus of the gallbladder toward the right axilla and 
the infundibulum laterally to expose Calot’s triangle. Retracting the infundibu- 
lum anteriorly or even upward tends to collapse Calot’s triangle and increase 
the risk of ductal injury. 
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10. Place two clips side by side as close to the gallbladder as possible and 
two similar clips on the cystic duct. Leave enough space between the 
sets of clips to divide the duct with a scissors. Take care not to retract 
the cystic duct so forcefully that the clips impinge on the cystic duct- 
common duct junction (Fig. 13.1.4). 

11. Reposition the infundibular grasper to grasp the gallbladder adjacent 
to the cystic duct. Use this grasper to retract the gallbladder anteriorly 
and laterally so that the surgeon can expose the cystic artery by gentle 
spreading and dissecting with a Maryland dissector or laparoscopic 
right angle clamp. The cystic artery will be noted to terminate by 
running onto the gallbladder, and visible pulsations may be observed. 
Generally I cm of length is necessary for safe division. 

12. Divide the cystic artery with clips, leaving a minimum of two clips 
on the cystic artery stump. Division of the cystic artery will generally 
permit the gallbladder to be pulled farther away from the porta hepa- 
tis by traction on the infundibular grasper. 




/ 

/ 



Figure 13.1.4. Excessive traction on the gallbladder infundibulum may “tent 
up” the common duct, increasing the likelihood that a clip will impinge on the 
duct and obstruct it. 
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13. The remainder of the operation consists of dissection of the gallblad- 
der from its bed, taking care to stay away from the porta hepatis and 
liver bed and to avoid perforating the gallbladder. The infundibular 
grasper is used to elevate the gallbladder and at a certain point it will 
become possible to use this grasper to push the gallbladder over the 
liver edge. Generally better exposure will be obtained if this is post- 
poned until late in the dissection. 

a. Most surgeons use a hook cautery for this phase of the opera- 
tion. The blunt edge of the hook can be used “cold,” without 
cautery, as a dissector. Bands of connective tissue are hooked, 
placed on traction, and divided with cautery. Traction and 
countertraction facilitate the dissection. 

b. Some surgeons prefer cautery scissors or a spatula. 

c. Other energy sources such as laser or Harmonic scalpel (Ultraci- 
sion, Ethicon Endo-Surgery, Cinncinati, OH) may be used, but 
are generally unnecessary, less versatile, and more expensive 
than simple electrocautery (see Chapter 6, Principles of Laparo- 
scopic Hemostasis). 

14. When the gallbladder is dissected virtually free from the liver bed but 
a few strands remain, inspect the gallbladder bed and ducts for evi- 
dence of bleeding. Once the gallbladder is removed, exposure of this 
region is more difficult. 

15. Irrigate with saline, but take care not to suction directly on the cystic 
duct or artery stumps to prevent clip dislodgment. 

16. After achieving hemostasis, divide the remaining attachment of the 
gallbladder to the liver. 

17. Place a gallbladder grasper through one of the 10-mm trocars and 
grasp the gallbladder at or near the cystic duct. 

18. Remove the gallbladder from the abdomen. 

a. Consider using a specimen bag if the gallbladder is thick-walled 
(consider gallbladder carcinoma) or infected. 

b. Frequently bile or stones must first be aspirated from the gall- 
bladder before it can be withdrawn through the trocar site. Open 
the gallbladder outside the abdominal wall and suction bile from 
it. 

c. Crush and remove stones with stone forceps, ring forceps, or 
Kelly clamp. More details of specific extraction techniques are 
given in Chapter 8, Principles of Specimen Removal. 

19. After the gallbladder has been removed, replace the epigastric trocar 
and inspect the surgical site for bleeding. Irrigate the surgical field, 
and aspirate the irrigant from the subphrenic space and other areas. 

20. If a drain is needed, it can be placed through one of the lateral trocar 
sites. 

a. Pass an atraumatic grasper into the abdomen through the lateral 
trocar site. 

b. Align the grasper with the epigastric trocar and pass it out of the 
abdomen via the epigastric trocar (release the valve in the trocar 
to accomplish this). 
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c. Grasp the “outside” end of a closed suction drain and pull it into 
the abdomen. 

d. Pull the grasper and trocar together out of the abdominal wall, 
thus pulling the “outside” end of the closed suction drain out. 
Clamp the closed suction to avoid loss of pneumoperitoneum. 

e. Position the tip of the drain in the subhepatic space. 

21. Remove the trocars and close the wounds in the usual fashion. Many 
surgeons inject the trocar sites with a long-acting local anesthetic to 
minimize pain and facilitate early discharge from hospital. 
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A. Hemorrhage 

1. Cause and prevention: Bleeding during laparoscopic cholecystec- 
tomy can vary from inconsequential oozing to major hemorrhage. 

a. Bleeding can occur at a trocar insertion site and drip into the 
operative field. Obtain hemostasis in the skin before placing a 
trocar, and avoid any obvious vessels during insertion. 

b. Blunt dissection of adhesions from the gallbladder and liver can 
result in bleeding from vessels in the omentum. Cautious use of 
electrocautery when dividing omental adhesions prior to apply- 
ing traction on the gallbladder, can be helpful in preventing this 
type of bleeding. 

c. Dissection in the triangle of Calot can result in sudden and of- 
ten pulsatile bleeding. Careful and meticulous dissection in this 
area with accurate identification of the cystic artery and subse- 
quent application of clips can often avoid this complication. 

d. One of the more difficult sources of bleeding is from the gall- 
bladder fossa. If bleeding occurs in the area between the poste- 
rior wall of the inflamed gallbladder and liver bed, it should be 
controlled immediately rather than waiting until the entire op- 
erative field is obscured. 

2. Recognition and management 

a. Trocar site bleeding may drip into the abdominal wall, or run 
down instruments to drip into the operative site. There are sev- 
eral strategies for dealing with this kind of bleeding. Identify 
and gain temporary control by angling the trocar against the ab- 
dominal wall; when the trocar is pressed against the region of 
the bleeding, it will slow or stop. Injection of epinephrine solu- 
tion (1:10,000) in the vicinity of the bleeding site may stop the 
bleeding. If disposable trocars are being used, screwing in the 
anchoring device may compress and stop the bleeding. Finally, a 
suture ligature may be advanced through the abdominal wall, 
into the peritoneal cavity, and back out again, thus encompass- 
ing the bleeding site. Remember to double-check the area for 
hemostasis at the conclusion of the case. Remove the trocar un- 
der laparoscopic visual control and watch for recurrence of 
bleeding. 
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b. When significant, unexpected bleeding occurs in the triangle of 
Calot, do not apply clips blindly. Indiscriminate application of 
clips in this area may injure the right hepatic artery, right hepatic 
duct, or common bile duct. If bleeding obscures the laparoscope, 
remove it and clean the lens. Do not hesitate to insert an addi- 
tional trocar in the midline between the epigastric and umbilical 
ports, to provide an extra port for manipulation. Gently pushing 
the gallbladder against Calot’ s triangle by manipulating the fun- 
dic and infundibular graspers may provide temporary hemostasis 
while the situation is assessed and additional trocars inserted. Ir- 
rigate and aspirate the bleeding area to determine the exact area 
of bleeding. Grasp and elevate the bleeding vessel and perform 
any needed additional dissection around the area. Apply clips 
after precise isolation of the bleeding vessel. If bleeding contin- 
ues or worsens, laparotomy should be performed. 

c. Bleeding from the gallbladder fossa can usually be controlled 
by judicious use of electrocautery. If the cautery tip tends to dig 
into the liver, apply the metal tip of a suction irrigator to the 
liver and cauterize on the suction tip instead. Multiple, small ar- 
eas of bleeding in this area can be controlled by application of 
oxidized cellulose or topical collagen hemostatic agents. If a 
bleeder retracts into the liver, a figure-of-eight suture ligature 
may be necessary. (See Chapter 6, Principles of Laparoscopic 
Hemostasis, for additional information) 



B. Gallbladder Problems 

1 . Cause and prevention 

a. The tensely inflamed gallbladder often proves difficult to grasp 
and hold. Preliminary needle decompression (see Chapter 13.1) 
is sometimes helpful. Stabilize the fundus of the gallbladder and 
pass a large gauge needle percutaneously into the part of the 
gallbladder closest to the anterior abdominal wall. A Veress 
needle works well for this purpose. Connect the needle to suc- 
tion and aspirate the contents. Close the hole with a grasping 
forceps or a pretied suture ligature. A large selection of laparo- 
scopic forceps has been designed specifically for retraction of an 
inflamed and edematous gallbladder. Sometimes an endoscopic 
Babcock clamp is the best instrument. 

b. Despite care, perforation of the gallbladder still occurs fre- 
quently in the setting of acute cholecystitis. Perforation of dur- 
ing dissection can lead to contamination of the peritoneal cavity 
with potentially infected bile and gallstones. Tears in the gall- 
bladder wall can also lead to further disruption of the wall, 
making subsequent dissection difficult. Preliminary decompres- 
sion, as mentioned before, helps minimize contamination if it 
occurs. 
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c. Gallbladders containing large stones or those with a thickened 
wall may also be difficult to remove from the abdominal cavity. 

d. Occult carcinoma of the gallbladder, although rare, is occa- 
sionally found in the setting of long-standing chronic cholecys- 
titis. Trocar site recurrence has been reported when laparoscopic 
cholecystectomy was performed in this setting. Some surgeons 
routinely request pathologic examination of the gallbladder mu- 
cosa with frozen section examination of any suspicious areas. 
The incidence of gallbladder carcinoma is increased in elderly 
patients with chronic cholecystitis and those with calcifications 
within the wall of the gallbladder. If preoperative ultrasound is 
suspicious, or the patient has a calcified gallbladder, consider 
open (rather than laparoscopic) cholecystectomy. 

2. Recognition and management 

a. When acute cholecystitis is encountered, partially decompress 
the tense, distended gallbladder by aspirating its contents 
through the fundus. Occlude the aspiration site by applying a 
grasping forceps over the opening or a pretied laparoscopic su- 
ture. 

b. If disruption of the wall has occurred with spillage, copious irri- 
gation and suctioning can remove the majority of stones and 
bile, while larger stones may be placed in a laparoscopic tissue 
pouch and removed. Placement of closed suction catheters may 
be indicated for extensive bile spillage. These drainage catheters 
can be introduced through a lateral cannula. The tip of the 
catheter is then held in place in the subhepatic space while the 
cannula is removed. 

c. Gallbladders containing large stones may be placed in a re- 
trieval bag to avoid spillage of stones if the gallbladder tears 
during attempted removal. Alternatively, the neck of the gall- 
bladder may be pulled partially out of the abdomen and the 
stones within the gallbladder crushed and removed piecemeal. 
Gallbladders with thickened walls should be placed in a retrieval 
bag prior to removal; on rare occasion an occult carcinoma of 
the gallbladder will be found, and this method minimizes con- 
tamination of the trocar site. Finally, enlarging the skin and fas- 
cial incisions at the extraction site will usually suffice in com- 
pleting the removal of the gallbladder from the abdomen. If the 
adjacent rectus muscles are not incised, enlarging the incision 
will add minimal additional postoperative pain or cosmetic de- 
fects. (See Chapter 8, Principles of Specimen Removal, for ad- 
ditional information.) 

d. Carcinoma of the gallbladder is best recognized and dealt with 
at the time of the original operation. Maintain a high index of 
suspicion and request frozen section examination in doubtful 
cases. If carcinoma of the gallbladder is identified, consider 
conversion to open with excision of the gallbladder bed, regional 
lymphadenectomy (depending upon depth of penetration), and 
excision of trocar sites. Implantation of carcinoma of the gall- 
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bladder has been reported to occur as rapidly as one week after 
laparoscopic cholecystectomy, and is not limited to the trocar 
used for specimen removal. 



C. Postoperative Bile Leakage 

1. Cause and prevention: Postoperative bile leaks or collections may 
be the result of common duct or right hepatic duct injury (discussed 
below), cystic duct stump leakage, or injury to an accessory bile duct. 
Severely edematous tissues from acute cholecystitis will result in 
failure of standard clips to completely occlude the cystic duct, re- 
sulting in postoperative bile leak. When dissection of the gallbladder 
is difficult in the setting of acute cholecystitis or when there is sig- 
nificant bile spillage, place a closed suction drain. This may prevent 
bile collections from minor leaks from the liver bed or aid in control- 
ling cystic duct stump leaks. 

2. Recognition and management: During operation, a number of con- 
ditions that predispose to bile leaks can be recognized, and if man- 
aged correctly, the complication can be avoided. If the cystic duct 
appears edematous and inflamed, both surgical clips and pretied lapa- 
roscopic sutures can be used to securely occlude the cystic duct. Bile 
leakage from small accessory ducts in the gallbladder may not be 
recognized at the time of laparoscopic cholecystectomy but may be 
the source of later bile leak. These accessory ducts should be sus- 
pected if the gallbladder fills with contrast during intraoperative 
cholangiography despite occlusion of the junction of the gallbladder 
and cystic duct. When this filling is noted at operation, these ducts 
should be recognized and clipped, ligated, or coagulated. Placement 
of closed suction drains are also recommended. When a collection is 
suspected, an ulrasound or computed tomography scan of the abdo- 
men will establish the diagnosis and any collections may be aspirated 
and drainage established. 

If a bile collection occurs, the biliary tree should be investigated by 
radionuclide scan and endoscopic cholangiography (ERCP). ERCP is 
useful in both the diagnosis and treatment. Cholangiography often 
demonstrates extravasation from the cystic duct stump. When a leak 
is noted, treatment consists of decreasing the pressure at the distal 
end of the common bile duct and may include passage of a nasobili- 
ary drain, endoscopic sphincterotomy, or placement of a transpapil- 
lary stent. All of these methods decrease the pressure in the duct and 
allow rapid closure in cases of both cystic duct stump leaks and ac- 
cessory bile duct leaks. Early investigation of bile leaks with ERCP 
also allows prompt diagnosis of bile duct injury, facilitating early re- 
pair and increasing the chance of long-term success. 
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D. Bile Duct Injury 

1. Cause and prevention: Injury to the ductal system usually occurs 
during the dissection at the triangle of Calot, exposing the cystic duct. 
Cephalad traction will often cause the cystic duct to lie in a straight 
line with the common bile duct, allowing the common duct to be 
mistaken for the cystic duct. To prevent this from happening, retract 
the infundibulum of the gallbladder laterally to fully expose the cystic 
duct and gallbladder from the common duct. 

Excessive retraction of the gallbladder when the clips are applied to 
the proximal cystic duct may result in trapping a portion of the com- 
mon duct in the clips. To prevent this, leave a longer cystic duct rem- 
nant. Dissect the cystic duct from the infundibulum of the gallbladder 
downward, incising the medial and lateral peritoneal attachments of 
the infundibulum to the liver. Remove all connective tissue and fat to 
clearly expose the Junction of the cystic duct with the gallbladder. 
Avoid excessive use of electrocautery in the triangle of Calot, which 
may lead to late injury and strictures to the ductal system. Intraopera- 
tive cholangiography will outline the biliary anatomy and may avoid 
major ductal injuries (see Chapter 13.3, Cholangiography). 

2. Recognition and management: Major injuries to the ductal system 
may be noted with continued dissection as bile leaks into the opera- 
tive field, or later, when the patient presents with jaundice or an intra- 
abdominal bile collection. 

When recognized at operation, conversion to laparotomy is advised. 
If a significant portion of the ductal system has been excised, recon- 
struction with a hepaticojejunostomy is indicated. When only a small 
choledochotomy has been made, reconstruction over a T-tube may be 
attempted. A clean transection without tissue loss may require a duc- 
tal anastomosis over a T-tube. Patients with injury to the biliary sys- 
tem recognized several days later need cholangiography to ade- 
quately define the injury. If cholangiography reveals total occlusion 
or transection of the ductal system, immediate operative repair, usu- 
ally by hepaticojejunostomy, is indicated. Injuries to the lateral wall 
of the common duct may be treated with external drainage of any in- 
tra-abdominal collections and biliary stenting. 
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13.3. Laparoscopic Cholecystectomy: 
Cholangiography 
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A. Introduction 

Routine intraoperative cholangiography (RIOC) (preferably utilizing fluo- 
roscopy) is practiced by many surgeons and advocated by the author of this 
chapter for the following reasons: 

1. RIOC allows immediate recognition of anatomy and anomalies or 
stones. 

2. Discovery of partial or total transection of ducts or clip placement 
across the CBD, facilitating immediate repair, can be performed. 

3. It allows removing a common duct stone during laparoscopic chole- 
cystectomy, by either the transcystic duct or laparoscopic choledo- 
chotomy method (see Chapter 14). 

4. It preclueds unnecessary preoperative endoscopic retrograde cholan- 
giopancreatography (ERCP) or endoscopic sphincterotomy. 

The variety of anomalies and intraoperative hazards that may be detected 
by RIOC are shown in Figs. 13.3.1 to 13.3.5. 






Figure 13.3.1. The textbooks state that the cystic duct enters the common duct 
along a relatively straight line in 75% of cases. The author has noted that this 
occurs in only 17% of operative cholangiograms; in the majority of cases, the 
cystic duct enters posterior, spiral, or parallel to the common duct. 
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Figure 13.3.2. A. Slight traction on the cholangiograsper can tent the common 
duct, especially if the cystic duct is very short. In the two-dimensional view 
seen on the monitor, the common duct may be misinterpreted as the cystic duct 
and transected. The length of the cholangiograsper jaws is 10 mm. B. Sche- 
matic diagram of cholangiogram seen in A. It is very important to recognize the 
short cystic duct. 
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Figure 13.3.3. A. A very close spiral drainage of the cystic duct into the com- 
mon duct. B. Schematic of cholangiogram. 
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Figure 13.3.4. A. Close parallel run of cystic duct and common duct. Note how 
close the cholangiograsper jaw is to the common hepatic duct. B. Schematic 
diagram of cholangiogram. The cholangiograsper jaw is only 10 mm long; this 
gives some hint of distances and proximities. 
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Figure 13.3.5. A. Dangerously short cystic duct draining directly into right 
hepatic duct. B. Schematic drawing of cholangiogram. 
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B. Radiographic Equipment 

Fluoroscopy is preferred for the following reasons: 

1. It allows immediate observation of adequacy of filling using small 
increments of contrast to avoid obscuring small calculi and overlap- 
ping structures (e.g. the cystic duct drainage into the CBD). 

2. It confers a tremendous savings in time; the anatomy or anomalies 
are immediately discovered but images are recorded and processed 
later, and the surgeon does not need to wait for films to be developed 
(and, all too often, find the film quality suboptimal necessitating re- 
peat studies). 

3. Tiny calculi may be flushed from the common duct without duct ex- 
ploration. 

The surgeon should be thoroughly familiar with the equipment and its op- 
eration, because after hours and on weekends, a fully trained technician may 
not available. In some states one must pass a simple fluoroscopy-operator test. 
This is worthwhile, as the surgeon then has a license to operate the unit. Close 
collaboration with the Department of Radiology is advised; in some hospitals, it 
may be possible to transmit images via a simple coaxial cable to a radiologist, 
who can then watch as the cholangiogram is performed. An audio link allows 
communication between radiologist and surgeon. Such links are becoming 
more and more commonplace. The surgeon must, however, be familiar with 
basic radiographic anatomy of the biliary tree and be able to evaluate the im- 
ages. 

Equipment varies from totally dedicated, ceiling mounted units in special- 
ized operating room suites, to the more common and mobile C-arm digital 
fluoroscope unit found in most hospitals. The image intensifier screen is typi- 
cally 9/6 inch. This means that under routine operation, the field size is 9 
inches, and that additional magnification can be attained by switching to a 6- 
inch field if needed. 

The x-ray tube may be self-rectified or rotating anode. The latter is pre- 
ferred because the beam penetrates obese patients better. The surgeon and as- 
sistants stand behind a mobile lead screen for protection. Use an extension tube 
on the cholangiogram catheter setup to allow greater distance (see below). Re- 
member the inverse square law which describes radiation intensity: Dose di- 
minishes as the square of the distance from the source; therefore, a small addi- 
tional distance from the x-ray tube greatly decreases the dose to surgeon and 
assistants. Radiation exposure is cumulative, and even small doses add up over 
a professional lifetime (Figs. 13.3.6 to 13.3.8). 
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Figure 13.3.6. Mobile digitized C-arm fluoroscopy equipment. Left screen 
shows real-time full-size fluoroscopic image. Right screen shows stored images 
(frames) to be selected and printed. VHS is seen below with the full-sized film 
camera. 
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Figure 13.3.7. Close-up view of control panel. The functions for a cholangio- 
gram are preprogrammed and only one button needs to be pushed. Modes are 
activated by a foot switch, as is VHS record. (OEC Co., Salt Lake City, UT). 
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Figure 13.3.8. It is easy to position the sterile covered unit over the abdomen, 
and the required anatomy is immediately noted and corrected if necessary. 



C. Cystic Duct Cholangiography 

1. The easy case. In the patient with few adhesions, Calot’s triangle is 
easily dissected and the cystic duct identified. It is crucial to see the 
duct entering the gallbladder, as previously mentioned (Chapter 
13.2). 

a. Place a clip or ligature on the cystic duct at or near its termina- 
tion upon the gallbladder. 

b. Clip the cystic artery as well. This ensures that the cholangio- 
gram will be performed with all crucial structures clipped, 
minimizing the chance of ductal injury after cholangiography. 
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c. A large variety of cholangiocatheters are available, and selection 
is a matter of individual preference. The author prefers a blue 4- 
French ureteral catheter with black visual markers and an open- 
end tip. This is easy to manipulate and inexpensive. 

d. Connect the catheter to a long extension tube with a Y connec- 
tor. At the far end of the extension tube there should be two 
stopcocks and two syringes (Fig. 13.3.9). 

e. Use a larger syringe for saline, and a smaller one for contrast 
medium. Have the scrub nurse mark the syringe containing con- 
trast (with sterile marking tape, or a simple ligature of black 
silk). 

f. Dilute the contrast medium. If you are using 60% contrast, dilute 
it 1:1. More dilute medium is less likely to obscure small stones 
within a dense dye column. Conversely, less dilute medium will 
show fine ductal detail better and may be preferred if stones are 
not a consideration. 

g. Ensure that all air bubbles are removed from the system. Air 
bubbles can hide in the stopcocks, the Y connectors, or in the 
space between the syringe full of contrast and the extension 
tubing. Therefore, after the saline has been flushed through the 
system including the catheter, it is worthwhile to open the stop- 
cock from the contrast syringe and push a full milliliter of saline 
back through the system into the contrast syringe to eliminate 
any air bubbles. 

h. Make a small incision in the anterior wall of the cystic duct us- 
ing a sharp pair of fine-tipped scissors. Try to judge the thick- 
ness of the duct and enter the lumen with a single cut. The cystic 
duct is often thicker than expected, and making multiple cuts 
makes it harder to cannulate (as well as increasing the probabil- 
ity that the duct will be totally transected). 




Figure 13.3.9. Cholangiograsper with 4-French ureteral catheter inserted, ex- 
tension tubing, Y-shaped adapter, and two syringes of different sizes (Karl 
Storz, Endoscopy-America, Culver City, CA). 
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i. Use a flat grasper to milk the cystic duct toward the incision, to 
remove small stones and debris. Clear bile should flow, indicat- 
ing an unobstructed passage into the proximal biliary tree. If a 
stone appears, remove it with a stone forceps. 

j. Pass the cholangiograsper with its inserted catheter through the 
fourth trocar site (the one normally used to retract the infun- 
dibulum). This is generally done by the assistant, while the sur- 
geon retracts the infundibulum of the gallbladder to provide 
slide tension on the cystic duct. Do not overstretch the cystic 
duct, as this will make the lumen collapse and render cannula- 
tion much more difficult. 

k. The catheter should protude slightly (V 2 to 1 inch) from the end 
of the cholangiograsper jaws (Fig. 13.3.10). 

l. Advance the catheter into the dochotomy with very small mo- 
tions. Do not introduce too much of the catheter into the duct (1 
to 2 cm is sufficient). Monitor the length of the catheter by 
watching the markings (one to two markings should go into the 
duct). 

m. Open the cholangiograsper and slide it coaxially over the cathe- 
ter, without introducing more catheter into the duct. Close the 
grasper to secure the catheter and secure a watertight closure of 
the dochotomy. Inject some saline to confirm placement. 

n. Secure the grasper on the outside of the abdomen to avoid dis- 
lodgment. Remove the laparoscope. The infundibular grasper 
may be removed or left in situ. Place the fluoroscope in position 
and confirm that the field is centered. A marker on the abdomen 
is a great help to surgeon and technician in ensuring the field is 
approximately centered. Make a scout film without contrast. 





Figure 13.3.10. Cholangiograsper seen in close-up with protruding ureteral 
catheter (top). In case of difficult introduction, a guide wire is advanced and 
introduced into the cystic duct, followed by the catheter (bottom). 
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0. Inject contrast medium very slowly and freeze a frame shortly 
after the first few drops are injected. Ascertain whether or not 
the catheter is in a good position. If the catheter is inserted too 
far, pull it back. Go very slowly with small increments and save 
several images during the procedure (6-8 films per cholangio- 
gram). Record the images digitally or on tape. 

2. Management of problems 

a. Inability to cannulate the cystic duct: Ask the nurse to inject a 
small amount of saline as cannulation is attempted. This will 
open the lumen. If the catheter cannot be introduced after re- 
peated attempts, the problem may be the spiral valves of Heister. 
In this case, introduce a small (0.35 inch) guide wire with a 
floppy end through the catheter. Slip the soft (floppy) end of the 
guide wire into the dochotomy and pass the catheter over the 
guide wire. Remove the guide wire before closing the cholangi- 
ograsper. 

b. Flaccid sphincter. In this case, contrast material immediately 
passes out of the distal common duct into the duodenum and the 
upper biliary tree is not filled. Place the patient in the Trendel- 
enburg position and ask the anesthesiologist to administer intra- 
venous morphine to cause the sphincter to go into spasm. Repeat 
the cholangiogram. Sometimes additional contrast medium must 
be injected under sufficient pressure to fill the entire biliary tree 
because of spasm of the sphincter. 

c. Abnormal appearance of the sphincter: Use the magnification 
function to observe the sphincter in greater detail (be sufficiently 
familiar with the equipment to do this!) and observe the sphinc- 
ter for 5 or 10 seconds. By watching for sphincter motion a 
“pseudocalculus” may disappear (Fig. 13.3.1 1). 

d. Rounded lucencies: stones or air bubbles? Slowly inject 2 to 3 
ml of contrast under constant fluoroscopic control. Then with- 
draw the plunger to create a vacuum. Repeat this maneuver 
twice and observe the motion and appearance of the lucency. 
Bubbles move in synchrony with the column of contrast. Stones 
tend to adhere to the wall of the duct and do not move. 

e. Overfilled ductal system or excess dye in the duodenum. Too 
much contrast on the film creates difficulties in interpretation. 
Wash out the duct with warm saline (to avoid sphincter spasm) 
and then repeat the cholangiogram (Fig. 13.3.12). 
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Figure 13.3.11. Sphincter function during the opening and closing cycles. The thumbprint configuration shown in middle figures can 
easily be misinterpreted as a stone. By observing the sphincter for a few seconds longer, the opening and closing of the sphincter can be 
easily seen and the image correctly interpreted. 
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Figure 13.3.12. The ductal system is overfilled with contrast and no early fill- 
ing stage is seen. The cystic duct drainage into the common duct is obscured by 
excess contrast. 
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D. Danger Signs 

The surgeon should be able to recognize certain radiographic danger signs, 
which mandate immediate exploration: 

1 . Contrast material is seen in the distal common bile duct (CBD) below 
the cystic duct but contrast extravasation is observed above this site: 
open the patient up immediately. There is a great probability that 
there is a transection of the duct (Fig. 13.3.13). 




Figure 13.3.13. A. The distal duct is well seen but there is obvious extravasa- 
tion of dye proximal. The duct was found to be transected. The injury was rec- 
ognized and immediate repair performed. B. Schematic of cholangiogram. 
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2. The distal duct is well filled with contrast but there is no filling of the 
proximal ductal system, and the situation does not change with re- 
peated injection and the maneuvers described above. Convert to an 
open procedure because there is a chance that a clip (what you should 
see on films) or other manipulations caused the obstruction (Fig. 
13.3.14). 





Figure 13.3.14. A. Distal duct is seen but no contrast material is seen in the 
proximal duct. A clip occluded the duct. If the proximal duct cannot be filled 
with contrast, open the patient immediately. B. Schematic of cholangiogram. 
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E. Other Difficulties and Their Solution 

There are a few additional tricks that every laparoscopic surgeon should be 
familiar with. 

1. Stone knowingly left behind: Sometimes a stone is seen in the 
common duct and the decision is made not to do laparoscopic com- 
mon duct exploration. If the equipment or expertise to perform lapa- 
roscopic common duct exploration are not available, or a stone is dif- 
ficult or impacted and cannot be removed, insert a guide wire through 
the cholangiocatheter. Pass the guide wire through into the duodenum 
under fluoroscopic guidance. Fix the other end of the guide wire at its 
exit site in the flank. This will greatly facilitate subsequent postop- 
erative ERCP and sphincterotomy. 

2. Alternative methods of cholangiography: There are other ways to 
perform a cystic duct cholangiogram. Sometimes these are easier than 
the method just described, particularly if it is difficult to get the cor- 
rect alignment to introduce the catheter through one of the existing 
trocars, or if traction on both the infundibular and fundic graspers 
must be maintained to expose the cystic duct. In this case, pass a 
straight or angled needle through the abdominal wall at the desired 
site and introduce the cholangiocatheter through the needle. 

3. Cholecystocholangiography: At times, dissection in the cystic duct 
area is extremely difficult or appears hazardous and a decision must 
be made whether to convert the case. Cholecystocholangiography is 
performed by needle puncture and injection of contrast directly into 
the gallbladder. When successful, it delineates the anatomy of the 
cystic duct and common duct. 

a. Tilt the patient to the right to avoid a contrast-filled gallbladder 
obscuring ductal anatomy. 

b. Puncture the gallbladder with the Veress needle connected to an 
extension tube filled with contrast. 

c. Place a clip near the infundibulum of the gallbladder as a 
marker. 

d. For this procedure, a large volume of contrast medium is 
needed. Instruct the nurse to prepare more than the usual 30 ml 
(100-200 ml may be needed). 

e. Inject slowly under continuous fluroroscopic guidance. Observe 
the location, relative to the clip on the infundibulum, where the 
cystic duct joins the gallbladder and then terminates on the 
common duct (Fig. 13.3.15). 

f. Subsequent decision making (to dissect further or to convert to 
an open procedure) can then be made rationally and with better 
information. At the end of the procedure, evacuate some of the 
contrast medium (now mixed with bile) and close the puncture 
site with a large clip or pretied ligature. 

4. Laparoscopic Choledocholithotomy (LCL): LCL is a logical exten- 
sion of laparoscopic cholecystectomy. It requires more skill, team- 
work, and equipment — but the patient can be treated and cured in one 
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session. Operative (fluoro) cholangiography is an essential part of 
LCL (for further details see chapters 14.1 and 14.2 on laparoscopic 
common duct explorations). 

5. Preoperative ERCP: If you routinely perform operative (fluoro) 
cholangiography, the overwhelming number of (negative) ERCPs can 
be eliminated. ERCT and E. Sphincterotomy are procedures with 
complications and additional costs involved. The indication for the 
pre-op ERCP is the high-risk patient with cholangitis, septicemia, and 
severe underlying disease. 




Figure 13.3.15. Cholecystocholangiogram. In the difficult case, direct needle 
puncture of the gallbladder with contrast injection can display the anatomy. In 
this example, the cystic duct drains directly into the common hepatic duct. 
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A. Indications and Equipment 

Laparoscopic ultrasound is a safe, effective, sensitive, and specific tech- 
nique to use for detecting choledocholithiasis during laparoscopic cholecystec- 
tomy. It is also useful for ruling out ligation or transection of the common bile 
duct. When sufficient experience is attained, it is an excellent substitute for 
digital fluorocholangiography. Additional information on other applications of 
laparoscopic ultrasound is given in Chapter 12, Elective Diagnostic Laparos- 
copy and Cancer Staging. 

For ultrasound of the biliary tree, high-frequency probes in the 7- to 10- 
MHz range using solid state linear transducers are optimal. The ultrasound 
probe must fit through a 10-mm trocar. A deflectable tip is useful but a rigid 
probe will suffice. Curved array or mechanical sector probes are options, but 
they do not provide the resolution and near-field detail necessary for accurate 
diagnosis. 

Color Doppler is a costly addition. This device can distinguish bile duct 
from vascular structure. It does not substitute for a surgeon’s knowledge of 
anatomy. Doppler without the dynamic color feature is a useful and much less 
expensive device. For the most part, Doppler for the examination of the com- 
mon bile duct is seldom needed. 



B. Technique 

1. Dissect and clip or ligate the cystic duct before performing laparo- 
scopic ultrasound. 

2. The ultrasound probe may be passed through a 10-mm epigastric tro- 
car. From this access, the probe may be placed on the porta hepatis to 
obtain a transverse view of the biliary tree and portal structures. 

3. The author prefers to place the probe through the 10-mm umbilical 
port. This gives a linear view of the portal structures, which is more 
useful and easier to interpret. 

a. Place a 5-mm laparoscope through the lateral right upper quad- 
rant trocar to check the position of the ultrasound probe. 

b. Place the probe over segment IV of the liver, directing the ultra- 
sound beam to the liver hilum. 
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c. Identify the common hepatic duct through the liver parenchyma 
and follow the left and right hepatic ducts to their secondary and 
tertiary branchings. 

d. Place the probe on the porta hepatis with the tip in the liver hi- 
lum. The hepatic duct will be seen longitudinally. The hepatic 
artery is usually seen in transverse section between the bile duct 
and portal vein. Posterior to the portal vein is the caudate lobe of 
the liver, and deep to this is the inferior vena cava. 

e. The junction of the cystic duct with the hepatic duct is identified 
and the common duct distal to this is then measured with acous- 
tic calipers (Fig. 13.4.1). 

f. Preliminary ligation or clipping of the cystic duct allows the 
surgeon to assure that the anatomy has been correctly identified, 
by correlating the ligated structure with the ultrasound anatomy. 

g. Follow the common duct to the head of the pancreas, where 
overlying fat and omentum often make visualization of the in- 
trapancreatic bile duct difficult (due to poor transmission 
through the fat). 




Figure 13.4.1. The cystic duct (CD) is seen to join the hepatic duct to form the 
common bile duct. A lymph node is seen posterior to the common bile duct. 
The inferior vena cava is posterior. 
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h. The duodenum provides a better acoustic window. Position the 
probe lateral to ^e duodenum with the ultrasound beam pointing 
toward the pancreas. From this perspective, the common bile 
duct is seen transversely. Follow the common duct caudad until 
the pancreatic duct joins it (Fig. 13.4.2). 

i. Follow both ducts to the ampulla (Fig. 13.4.3). 

j. If the distal bile duct is poorly seen, insert a cholangiocatheter 
into the cystic duct and infuse saline to distend the intrapancre- 
atic bile duct, providing a better view. 

k. A stone in the bile duct usually appears as a crescent-shaped hy- 
perechoic structure with posterior shadowing. 
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Figure 13.4.2. An oblique view of the common bile duct (arrow) with a thick- 
ened wall reveals two small nonshadowing distal common bile duct stones. The 
stomach (st) and portal vein (pv) are also seen. 
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Figure 13.4.3. From a lateral view through the duodenum, the intrapancreatic 
common bile duct (CBD) and pancreatic duct (PANC DU) are seen trans- 
versely. 



C. Results in Clinical Practice 

The author has compared laparoscopic ultrasound to digital fluorocholangi- 
ography in 360 patients. The overall sensitivity and specificity of laparoscopic 
ultrasound was 90% and 100%, respectively, and that of digital fluorocholangi- 
ography, 98.1% and 98.1%. There were a total of five false negatives for ultra- 
sound and one for digital fluorocholangiography. Four of the false negatives on 
ultrasound were in our first 140 patients. The last false negative was missed by 
ultrasound and digital fluorocholangiography. In our latest series of 142 pa- 
tients the sensitivity and specificity of laproscopic ultrasound was 95.7% and 
100%, respectively, and that of digital fluorocholangiography, 95.2% and 
100%. Roihlin compared laparoscopic ultrasound with static cholangiography 
and reported sensitivities of 100% and specificities of 98% for ultrasound com- 
pared with 75% and 99%, respectively, for static cholangiography. With expe- 
rience, laparoscopic ultrasound can be as sensitive and specific as digital 
fluorocholangiography. It is more rapidly performed than either static x-rays or 
digital fluorocholangiography. 
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14.1. Laparoscopic Common Bile Duct 
Exploration: Transcystic 
Duct Approach 



Joseph B. Petelin, M.D., F.A.C.S. 



A. Indications, Contraindications, and Choice of 
Approach 

1. Indications: The most common indication for laparoscopic common 
bile duct exploration (LCDE) is an abnormal intraoperative cho- 
langiogram. Preoperative abnormalities that suggest a possible need 
for LCDE are listed in Table 1 4. 1 . 1 . 



Table I. Preoperative abnormalities that suggest that LCDE may be required 



Clinical history 


Jaundice 

Pancreatitis 


Liver function tests 


T Bilirubin 

T Alkaline phosphatase 
T Gamma GTP 


Ultrasound 


Dilated bile ducts 
Choledocholithiasis 
Ductal obstruction 


ERCP (or, rarely, transhepatic cho- 
langiography) 


Choledocholithiasis 



ERCP, endoscopic retrogradecholangiopancreatography; GTP, Glutamyl transpeptidase. 



2. Contraindications: The most significant contraindication to LCDE 
is inability of the surgeon to perform the necessary maneuvers. Ab- 
sence of any of the indications above, instability of the patient, and 
local conditions in the porta hepatis that would make exploration 
hazardous are also contraindications. 

3. Choice of approach: There are two possible routes for LCDE. The 
transcystic duct approach is discussed in this section. LCDE may 
also be performed by laparoscopic choledochotomy (see Chapter 
14.2). 




168 Joseph B Petelin 



a. The transcystic approach is particularly useful when the cystic 
duct is ample in diameter and enters the common duct via a 
relatively straight, lateral approach. 

b. The factors that influence choice of approach are summarized in 
Table 14.1.2. 



Table 14.1.2. Factors influencing the approach to LCDE. Note that negative 
factors have a more profound impact on choice of approach than positive or 
neutral ones. 



Factor 


Transcystic 


Choledochotomy 


One stone 


+ 


+ 


Multiple stones 


+ 


+ 


Stones < 6 mm diameter 


+ 


+ 


Stones > 6 mm diameter 


- 


+ 


Intrahepatic stones 


- 


+ 


Diameter of cystic duct < 4 mm 


- 


+ 


Diameter of cystic duct > 4 mm 


+ 


+ 


Diameter of common duct < 6 mm 


+ 


- 


Diameter of common duct > 6 mm 


+ 


+ 


Cystic duct entrance — lateral 


+ 


+ 


Cystic duct entrance — posterior 


- 


+ 


Cystic duct entrance — distal 


- 


+ 


Inflammation — mild 


+ 


+ 


Inflammation — marked 


+ 


- 


Suturing ability — ^poor 


+ 


— 


Suturing ability — good 


+ 


+ 



c. Transcystic duct exploration is generally attempted before lapa- 
roscopic choledochotomy because it is both possible and highly 
successful in the majority of eases, and because it is less inva- 
sive than laparoscopic choledochotomy. In addition, transcystic 
duct exploration does not require facility with laparoscopic su- 
turing techniques. 



B. Patient Positioning, Equipment Needed, 

Room Setup 

1 . Position the patient supine with both arms tucked at the sides. 

2. Reverse Trendelenburg position and rotation to a slight left lateral 
decubitus position are often helpful in displaying the porta hepatis; 
this consideration is more important for laparoscopic common bile 
duct exploration than for laparoscopic cholecystectomy because ac- 
cess to the cystic duct-common duct junction is often necessary. 
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3. The standard instruments used for laparoscopic cholecystectomy with 
intraoperative cholangiography are needed, and include forceps, scis- 
sors, dissecting instruments, cholangiographic accessories, and a 
fluoroscope. Specialized instruments, drugs, and supplies needed to 
perform common bile duct exploration are listed in Table 14.1.3. 

Table 14.1.3. Instruments, drugs, and supplies needed for transcystic duct ex- 
ploration 

Glucagon, 1 to 2 mg (given IV by the anesthetist) 

Balloon-tipped catheters 

4 French preferred over 3 and 5 French 
Segura-type baskets 

4-wire, flat, straight in-line configuration 
Guide wire (0.035-inch diameter) 

Mechanical “over-the-wire” dilators (7 to 12 French) 

High-pressure “over-the-wire” pneumatic dilator 

IV tubing (for saline instillation through the choledochoscope) 

Atraumatic grasping forceps (for choledochoscope manipulation) 

Flexible choledochoscope with light source (<3 mm outside diameter, with 
>1.1 mm working channel preferred) 

2nd camera 

2nd monitor (or picture-in-picture display on the primary laparo- 
scopic monitor) 

Video switcher (for simultaneous same monitor display of cho- 
ledochoscopic and laparoscopic images) 

Waterpik, Teledyne Water Pik, Fort Collins Colorado 
Electrohydraulic Lithotripter 
C-Tube (transcystic) 

Stent (straight, 7 French or 10 French) 

Sphincterotome (for antegrade sphincterotomy) 



4. Keep all this equipment on a separate cart that can be brought into the 
room for LCDE. 

5. Place the specific items that are needed for a particular case on a 
separate sterile Mayo stand, located to the right of the surgeon near 
the patient’s left shoulder. 



C. Trocar Position and Choice of Laparoscope and 
Choledochoscope 

1. Place the trocars in the standard laparoscopic cholecystectomy con- 
figuration. 

a. Place a 10-mm port at the umbilicus and insert a laparoscope. 

b. Place 5- to 10-mm ports under direct laparoscopic vision in the 
epigastrium just to right of the midline, in the right mid- 
clavicular line, and in the right anterior axillary line. 
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c. The author routinely performs laparoscopic cholecystectomy 
with just three ports, and uses the last port mentioned only for 
laparoscopic common bile duct exploration. 

2. The author prefers a 0-degree, 10-mm laparoscope for visualization, 
but others favor a 30-degree, 10-mm laparoscope. The angled laparo- 
scope is especially useful in obese patients where the mesenteric and 
omental adipose tissue obscures visualization of the porta hepatis. 

3. Many vendors supply flexible choledochoscopes. Several points 
should be kept in mind: 

a. Reusable scopes generally perform better than disposable 
scopes, but are expensive, fragile, and easily damaged. 

b. Become facile with the gentle maneuvers required for manipu- 
lation of the scope. 

c. Use atraumatic instruments to grasp or position the choledocho- 
scope. 



D. Preparation for LCDE 

1. Generally, LCDE is performed in conjunction with laparoscopic 
cholecystectomy. Elevate the gallbladder and expose the cystic duct 
in the usual fashion (Chapter 13.3). 

2. Obtain an image of the bile ducts to delineate the anatomy, confirm 
the presence of choledocholithiasis, and determine the number and 
location of stones. 

a. Either standard cystic duct cholangiography with fluoroscopy 
(see Chapter 13.3.2), or intraoperative ultrasound (see Chapter 
13.3.3) may be used. 

b. Fluoroscopic imaging is the gold standard for intraoperative ra- 
diologic evaluation because it is faster than other methods, more 
detailed, and allows the surgeon to interact with the images in 
real time (for example, scanning the ductal system by moving 
the C-arm while injecting contrast material). 

3 . Dissect the porta hepatis. 

a. Start the dissection of the triangle of Calot from just lateral to 
the neck of the gallbladder and continue this dissection toward 
the cystic duct-common duct junction as the anatomy is further 
defined. 

b. Access to the cystic duct-common duct junction or the anterior 
surface of the common duct itself is usually necessary for ductal 
exploration. 

c. Use the cholangiogram as a guide to the anatomy during this 
sometimes-tedious dissection. 

4. Determine whether the transcystic approach is appropriate or whether 
laparoscopic choledochotomy will be required (see Table 14.1.2). 
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E. Techniques for LCDE 

These techniques may be used with either the transcystic or laparoscopic 
choledochotomy access route. 

1. Irrigation techniques: When very small stones (<2-mm diameter), 
sludge, or sphincter spasm is suspected to be responsible for lack of 
flow of contrast into the duodenum, transcystic flushing of the duct 
with saline or contrast material is occasionally successful in clearing 
the duct. 

a. Intravenous glucagon (1-2 mg), administered by the anesthetist, 
may relax the sphincter of Oddi and improve the success rate. 

b. Monitor the progress (or lack thereof) fluoroscopically. 

c. This method is unlikely to work for stones 4 mm and larger. 

2. Balloon techniques; Fogarty-type, low-pressure, balloon-tipped 
catheters are sometimes useful in clearing the ductal system of stones 
or debris. The technique described here is used for retrieval of stones 
from the distal common bile duct. Stones in the upper biliary tree 
may be retrieved under choledochoscopic guidance. 

a. A long 4-French-sized catheter is passed through the 14-gauge 
sleeve used for percutaneous cholangiography. 

b. The insertion site for the sleeve is usually located 3 cm medial to 
the mid-clavicular port. 

c. Use forceps, introduced through the medial epigastric port, to 
guide the catheter into the cystic duct. 

d. Advance the catheter into the common duct, and pass it into the 
duodenum. Generally, the 10-cm mark on the catheter will have 
just entered the cystic duct. 

e. Inflate the balloon and withdraw the catheter slightly until re- 
sistance is felt at the papilla. Confirm the location of the papilla 
by observing motion of the duodenum as the catheter is moved. 

f. Deflate the balloon, withdraw it an additional centimeter, and 
reinflate. 

g. Withdraw the catheter until the balloon exits the cystic duct ori- 
fice. 

h. Repeat this maneuver until no debris or stones exit from the 
cystic duct orifice. 

3. Basket techniques: Baskets may be used to retrieve stones under 
fluoroscopic control, under choledochoscopic control, or freely with- 
out either visual monitoring method. Thus these methods are useful 
in cases where unsuspected stones are encountered (i.e., when the 
duct exploration equipment is not already prepared), while the nurs- 
ing team is preparing the choledochoscope. They are also useful in 
somewhat rare cases in which the patient’s common bile duct is of 
such small diameter < 5 mm) that choledochoscope passage would be 
difficult or hazardous. 
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a. In the fluoroscopic method, insert the basket through a 14- 
gauge sleeve (an IV sheath), placed 3 cm medial to the mid- 
clavicular port. 

i. Advance the basket through the cystic duct into the com- 
mon bile duct with forceps inserted through the medial epi- 
gastric port (Fig. 14.1.1). 

ii. Under fluoroscopic guidance, identify and capture the stone 
in the contrast-filled common bile duct. 

iii. If too much contrast has drained from the ductal system 
after completion of the cholangiograms, then it may need to 
be instilled again with the cholangiocatheter. This may be- 
come cumbersome and time-consuming and is one of the 
disadvantages of this method. 

iv. Another disadvantage of this method is the increased radia- 
tion exposure for the patient and the team during stone 
capture. 







Figure 14.1.1. Cholangiography in preparation for basket retrieval of common 
bile duct stones under fluoroscopic guidance. Note location of monitors, sur- 
geon, and instruments. 
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V. In addition, it is often difficult or impossible to manipulate 
the forceps controlling the basket while the C-arm is in 
place, because the fluoroscope impedes movement of the 
forceps introduced through the medial epigastric port. 

b. When used in conjunction with the choledochoscope, insert the 
basket through the working channel of the scope. 

i. Capture the stone under direct vision. 

ii. Remove the entire ensemble from the cystic duct; deposit 
the stone on the omentum. 

iii. Grasp and deliver the stone through the medial epigastric or 
other 10-mm port. 

c. Baskets may also be used without fluoroscopic or choledocho- 
scopic guidance. 

i. Introduce the basket through the 14-gauge sleeve and guide 
it into the common duct through the cystic duct. 

ii. Open the basket as soon as the tip of the basket passes into 
the common bile duct. 

iii. Use forceps, introduced through the medial epigastric port, 
to advance the open basket to the distal portion of the 
common bile duct. This minimizes the risk of accidental 
perforation of the duct by the basket tip or accidental cap- 
ture of the papilla (since it is the rounded contour of the 
basket, rather than the relatively sharp tip, that forms the 
leading edge). 

iv. After the basket has reached the distal duct, it is withdrawn 
proximally as the basket is closed. Incomplete closure of 
the basket handle usually signals stone capture. 

V. The basket may have to be passed back and forth in the 
duct several times before the stone is captured. 
Choledochoscopic techniques: Capturing stones under direct vision 
has always given the greatest sense of safety and accuracy. While the 
surgeon may choose to look directly into tibe choledochoscope, it is 
much simpler to attach a video camera and view the image indirectly. 
Viewing the video image then either requires a third monitor, re- 
placement of the image on the “slave” or secondary monitor, or, pref- 
erentially, use of a video switcher to incorporate the image onto the 
same monitors used for the laparoscopic camera. This switcher 
should reside on one of the monitor towers for easy manipulation. 
Simultaneous visualization of both images allows the surgeon to ma- 
nipulate the controls of the choledochoscope as well as employing 
external manipulation with atraumatic forceps. Smaller diameter (<3 
mm) flexible choledochoscopes facilitate transcystic choledocho- 
scopy. Even with the smallest scopes, the cystic duct generally must 
be dilated. 

a. Adequate dilatation is usually possible if the initial cystic duct 
diameter is greater than 2.5 mm, and unlikely if it is not. 

b. Dilatation may be carried out with either mechanical over-the- 
wire graduated dilators or pneumatic over-the-wire dilators. The 
former are inexpensive and found in most urology departments. 
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i. Pass a guide wire through the mid-clavicular port into the 
cystic duct. 

ii. Guide a series of successively larger dilators over the guide 
wire and into the cystic duct and common duct, using for- 
ceps inserted through the medial epigastric port. Because 
these dilators exert a shearing-type force, exercise great 
care to avoid disruption of the cystic duct-common duct 
junction. 

iii. In general, if the duct will not initially accept a 9-Fr-size 
dilator easily, then adequate dilatation to the requisite 12 Fr 
is unlikely. 

c. High-pressure, balloon-tipped catheters may be used to dilate 
the cystic duct. 

i. Pass a guide wire through the mid-clavicular port into the 
cystic duct and advance it into the common duct. 

ii. Advance the balloon catheter over the guide wire. 

iii. Position the balloon catheter in the cystic duct. 

iv. Inflation of the balloon distends the duct with radially di- 
rected force, which may be safer than the graduated dilators 
(less shear force). Still, both the pressure on the balloon and 
cystic duct changes must be closely observed in order to 
avoid injury. This is a more expensive way to dilate the 
cystic duct. 

d. Insert the flexible choledochoscope through the mid-clavicular 
port and guide it into the cystic duct with atraumatic forceps in- 
serted through the medial epigastric port. Some authors have 
suggested the use of a semiflexible sleeve, inserted through the 
mid-clavicular port into the cystic duct, as a guide for the cho- 
ledochoscope. In the author’s experience, this impedes some of 
the manipulations necessary for adequate choledochoscopic in- 
tervention. 

e. Control the choledochoscope both at its insertion site on the ab- 
dominal wall and with the controls on the head of the choledo- 
choscope. This allows rotational movements of the shaft of the 
scope and deflection movements of the scope tip. 

f. Advance the choledochoscope into the common duct and visu- 
alize the stone(s) located. Generally a stone basket is the pre- 
ferred tool for choledochoscopic stone extraction. 

i. Capture the stone closest to the choledochoscope first to 
avoid difficulty in removing the stone from the duct. 

ii. Insert the basket through the working channel of the cho- 
ledochoscope and advance it to the stone under direct cho- 
ledochoscopic vision. 

iii. Advance the closed basket beyond the stone. Open the bas- 
ket and pull back, capturing the stone within the basket. 
Close the basket gently but firmly to secure the stone. 

iv. Remove the entire ensemble through the cystic duct, and 
deposit the stone temporarily on the omentum. 
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V. Grasp the stone with forceps inserted through the medial 
epigastric port and remove it. 

g. Stones that defy capture with a basket may be removed with a 
Fogarty-type balloon catheter. 

i. Pass the catheter into the ductal system alongside the scope, 
because the working channel of the scope is too small to 
admit it. 

ii. Advance the catheter beyond the stone under direct vision. 

iii. Inflate the balloon beyond the stone, and withdraw the 
catheter enough to impact the stone against the choledocho- 
scope. 

iv. Remove the entire ensemble through the duct. Combined 
use of these techniques requires either a large-diameter 
cystic duct or a choledochotomy approach (see Chapter 
14.2). 

V. In the unlikely event that stones are displaced into the 
common hepatic duct during balloon manipulations, flush 
the stones back down into the distal system by altering the 
position of the table, or retrieve the stones by passing the 
balloon catheter proximally. In the author’s experience this 
is a rare event, and in no case have other measures been 
necessary to retrieve common hepatic duct stones. 

5. Lithotripsy: Intraoperative lithotripsy is primarily indicated for im- 
pacted stones that defy less aggressive removal techniques. Both 
electrohydraulic (EHL) and laser lithotripters are available. The laser 
lithotripters are far too expensive to encourage widespread imple- 
mentation, and therefore EHL devices have been used somewhat 
more frequently. EHL devices must be used with great caution be- 
cause they may cause unwanted ductal damage if the tip of the EHL 
probe is not accurately applied to the stone. However, with careful, 
direct visualization and application of EHL energy to the stone sur- 
face, stones may be safely fragmented without undue risk. 

6. Laparoscopic antegrade sphincterotomy: Laparoscopic antegrade 
sphincterotomy was first described by DePaula and coworkers in 
1993. 

a. In this method a sphincterotome is passed through the working 
channel of the choledochoscope and through the sphincter. 

b. Monitor the cutting action by simultaneous side-viewing endos- 
copy of the duodenum. 

c. Gagner has advocated passage of the sphincterotome through the 
side-viewing scope in this situation, rather than through the 
choledochoscope. 

d. While these techniques achieve excellent results as a drainage 
procedure, they are logistically quite difficult to accomplish. 

i. More equipment and an additional endoscopic team must 
be present in an already crowded operating room. 

ii. It is more difficult to pass the ERCP scope and perform 
sphincterotomy with the patient supine (rather than in the 
typical semiprone position). 
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iii. Laparoscopic visualization is more difficult due to air in- 
sufflation of the duodenum and small bowel by the endo- 
scopist. 

iv. For all these reasons, laparoscopic antegrade and retrograde 
sphincterotomy has not gained widespread acceptance. 

e. An alternative, when stones cannot be removed using the meth- 
ods detailed above, is to pass a guide wire through the cystic 
duct and advance it into the duodenum. This assists in post- 
procedure ERCP and sphincterotomy. 

7. Biliary bypass procedures may be indicated in patients with an im- 
pacted distal stone, a stone or stones located distal to a stricture, or 
with dramatically dilated ducts (>2 cm) with multiple stones. Cho- 
ledochoenterostomy may be accomplished laparoscopically, but re- 
quires significant advanced laparoscopic suturing skills. These tech- 
niques are described elsewhere in this manual. 
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14.2. Common Bile Duct Exploration 
via Laparoscopic 
Choledochotomy 



Sir Alfred Cuschieri, M.D., Ch.M., F.R.C.S. 
Chris Kimber, F.R.A.C.S. 



A. Indications and Patient Preparation 

Laparoscopic common bile duct (CBD) exploration is performed when 
transcystic duct extraction is not appropriate or has failed. The current indica- 
tions for laparoscopic direct CBD exploration are: 

1 . Failed transcystic extraction if CBD diameter is > 8 mm. 

2. Large single or multiple stones (>1.0 cm), providing the load is not 
excessive (see below). 

3. Unsuccessful attempts at endoscopic stone extraction for 
large/occluding stones. 

4. Intrahepatic stones, which are inaccessible via a transcystic approach. 

Under certain circumstances, other procedures are more appropriate; these 

may be considered contraindications to laparoscopic direct CBD exploration, 
and include: 

1. Small-caliber (<8 mm) ducts are best cleared of stone by endoscopic 
sphincterotomy and stone extraction. Direct exploration of the CBD 
is inadvisable due to the risk of stricture formation. 

2. A grossly dilated duct (>2.5 cm) with multiple stones (usually brown 
pigment) indicates a relative obstruction at the distal CBD in the re- 
gion of the ampulla of Vater. Adequate drainage must be established 
to prevent recurrent stone formation. Laparoscopic choledochoduo- 
denostomy or endoscopic sphincterotomy are options, as are the cor- 
responding open procedures (choledochoduodenostomy, transduode- 
nal sphincteroplasty). 

Antibiotic prophylaxis appropriate for the most likely biliary pathogens 
(generally a cephalosporin) should be routine, as bile spillage is inevitable 
during the procedure. The remainder of the preparation is similar to that for 
laparoscopic cholecystectomy and should include prophylaxis against deep- 
vein thrombosis. 
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B. Patient Position and Room Setup 

The basic equipment and patient positioning (head-up supine) are as for 
laparoscopic cholecystectomy. The following additional items are essential: 

1 . Modem image intensifier (fluoroscopy C-arm unit) 

2. Cholangiograsper (Olsen), Fr 3,4 ureteric catheters, contrast medium 

3. Flexible choledochoscope (3.3 mm or Fr 10, 5.0 mm or Fr 15) with 
instmment channel large enough (at least 1.2 mm) to enable con- 
comitant irrigation and instmmentation 

4. Separate monitor or picture in picture setup (twin video) to enable 
both the laparoscopic and choledochoscopic views to be simultane- 
ously displayed 

5. Selection of retrieval baskets and balloon catheters 

6. Sharp scissors 

7. Semm’s spoon forceps for stone removal 

8. T-tube or Cuschieri cystic duct drainage catheter (Wilson Cook) for 
biliary decompression 



C. Trocar Position and Choice of Laparoscope 

Begin with the four standard trocars for laparoscopic cholecystectomy, with 
the laparoscope at the umbilicus. One further port (10.0 mm) is placed high in 
the right epigastrium, in line with the choledochotomy. This port is used to 
introduce ^e choledochoscope and extraction devices. A reducer sleeve is an 
important adjunct. This guides the choledochoscope and other flexible instm- 
ments to the choledochotomy, adds stability, and protects the choledochoscope 
from being damaged by the trocar valves. 

The 30-degree, forward-oblique, 10-mm laparoscope provides the best 
visualization of the common duct and is recommended in preference to the 
forward viewing (0 degree) type. 



D. Performing the Choledochotomy 

In the vast majority of patients, laparoscopic supraduodenal CBD explora- 
tion is performed concomitant with laparoscopic cholecystectomy, and a certain 
amount of dissection in Calot’s triangle will precede CBD exploration. 

1. Generally the operation has proceeded thus far: Calot’s triangle has 
been dissected, the cystic artery divided, and a clip has been placed 
on the distal cystic duct (at the junction with the neck of the gallblad- 
der). 

2. The cystic duct is opened and an operative cholangiogram obtained. 
This pre-exploration cholangiogram serves several crucial functions 
and should be performed even if preoperative studies of the common 
duct were obtained (Table 14.2.1). Good opacification of both the in- 
tra- and extrahepatic portions of the biliary tree must be obtained. 
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This is particularly important in elderly patients widi brown pigment 
stones, in whom the diagnosis of Klatskin tumor or other pathology 
may not have been made on preoperative ultrasound examination. 

Table 14.2.1. Function of pre-exploration cholangiogram 

1 . Confirm presence, size, location, and number of stones 

2. Demonstrate anatomic relationships and diameter of the extrahe- 
patic bile duct 

3. Exclude unsuspected pathology, such as cholangiocarcinoma, in 
jaundiced patients 



3. Maintain the continuity of the cystic duct with the gallbladder and 
common bile duct. This is essential for traction, exposure, and ma- 
nipulation. Hence, defer transection of the cystic duct and removal of 
the gallbladder from the liver bed until the CBD exploration is com- 
pleted. This differs from the usual practice during open cholecystec- 
tomy and open CBD exploration. 

4. Visualize the supraduodenal CBD. The 30-degree laparoscope is es- 
sential for adequate visualization. The CBD is generally readily ap- 
parent as a large tubular blue or greenish structure. Visible pulsations 
in the hepatic artery are a useful landmark. 

5. Use curved scissors to divide the peritoneum over the CBD. Dis- 
place the duodenum inferiorly. A layer of fascia surrounds the CBD. 
Divide this and expose the anterior wall of the CBD with gentle pled- 
get dissection. Use electrocautery sparingly and limit the dissection to 
the anterior wall of the CBD. Expose an area approximately 2 cm 
long and 1 cm wide. 

6. Use low-voltage coagulating electrocautery to mark the line of inci- 
sion on the CBD. The incision should not exceed 1 cm. The authors 
prefer a lengthwise incision, but some use a transverse orientation. 

7. Entry into the CBD is marked by a gush of bile, gas bubbles (after 
failed endoscopic retrograde cholangiography [ERC]), or even a 
stone. Suction irrigation is often required to maintain a clear view. 
Make the choledochotomy with scissors, cutting electrocautery, or a 
sheathed knife. It is important to keep the choledochotomy as small 
as possible. Because the CBD contains a large amount of elastin, a 
1.0-cm choledochotomy can be stretched to deliver a 1.5-cm stone. 
Avoiding a long choledochotomy reduces the amount of suturing re- 
quired and minimizes the risk of stricturing due to devascularization 
of the CBD. 



E. Stone Extraction 

Stone extraction is accomplished through the choledochotomy using a se- 
ries of steps: 
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1. Apply external compression to the CBD from below upward, with 
two atraumatic forceps, gently pushing a stone toward the choledo- 
chotomy and milking the stone out through the choledochotomy. This 
simple maneuver is often successful for floating stones that are then 
grasped inside the Semm’s spoon forceps and removed. 

2. If the above fails, insert a biliary balloon catheter through the cho- 
ledochotomy toward the distal end of the CBD. Inflate the balloon 
and withdraw the catheter slowly toward the choledochotomy. Ease 
or suction any dislodged stones out through the choledochotomy. 

3. Perform visually guided extraction using the choledochoscope if the 
first two measures fail (as is often the case when the stones are oc- 
cluding or impacted). Attach the irrigation system to the choledocho- 
scope and insert the scope (using a reducer sleeve) through the extra 
trocar placed in the right subxiphoid region. (See Chapter 50-51, Di- 
agnostic Choledochoscopy, for additional information.) 

a. Gently guide the choledochoscope into the choledochotomy. 
Avoid grasping the choledochoscope as it is easy to damage the 
sheath or fibers. 

b. Once the scope is inside the CBD, use an atraumatic grasper to 
gather the choledochotomy around the endoscope, creating an 
adequate seal for distention and visualization of the biliary tree. 

c. Two operators working synchronously are needed for efficient 
visually guided stone extraction — one manipulates the scope (tip 
flexion and torque) to obtain the desired view of the stone, and 
the other is in charge of trapping the stone inside the basket 
(preferably four wires). 

d. Pass the closed basket and negotiate it beyond the stone. Open 
the wire basket and trawl it slowly backward under visual guid- 
ance. 

e. Once the stone falls inside the wires, close the basket just 
enough to grasp the stone without crushing it. 

f. Withdraw the entire assembly (scope, basket, and stone) through 
the choledochotomy. 

g. Release the stone and remove it from the abdomen using a 
Semm’s spoon forceps. 

4. After all the stones have been removed, irrigate the biliary tract with 
warm saline to flush out any small fragments. 

5. Perform a completion check choledochoscopy by inspecting the 
proximal and distal sections of the extrahepatic biliary tracts. Remove 
any debris, stone fragments, or residual calculi. 



F. Closure of the Choledochotoniiy 

Although some advocate primary closure without decompression of the 
extrahepatic biliary tract, the authors feel this is inadvisable for two reasons. 
First, manipulations at the lower end of the bile duct frequently cause periam- 
pullary edema, increasing the risk of bile leakage through the sutured choledo- 
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chotomy. Second, primary closure precludes completion or postoperative cho- 
langiography. 

Drainage may be accomplished by placement of a T-tube or by placement 
of a drainage catheter through the cystic duct. Both are acceptable, but the 
authors prefer decompression through the cystic duct for two reasons: first, this 
method of drainage minimizes the postoperative hospital stay; and second, it 
allows primary common duct closure. Both methods will be described here. 

1. Transcystic decompression requires a 1.0-m-long 8 to 10 Fr, shaped 
drainage cannula with a terminal S-shaped perforated segment 
(Cuschieri cystic duct drainage catheter set — Wilson-Cook — Fig. 
14.2.1). The set consists of introducer needle, guide wire, dilator 
tube, and tear-away sheath, and allows percutaneous insertion of the 
drainage cannula. 




Choose an insertion site in the right flank and introduce the catheter using 
Seldinger technique (Fig. 14.2.2). 
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a. Use two graspers to thread the cystic duct drainage cannula 
(with the guide wire projecting for a distance of 2.0 cm beyond 
its tip) through the cystic duct into the CBD. 

b. Advance the cannula until the perforated segment is beyond the 
junction of the cystic duct with the common hepatic duct. 

c. Remove the guide wire. Confirm accurate positioning of the S- 
shaped segment by inspection through the choledochotomy. 

d. Secure the catheter with two chromic catgut Roeder knots to the 
cystic duct. 

e. Anchor the drainage cannula by skin sutures and attach a saline 
syringe (to flush the biliary tract during suture closure of the 
choledochotomy) (Fig. 14.2.3). 

f. Maintain continuous saline irrigation through the cystic duct 
cannula during closure. This facilitates visualization of the edges 
of the wound and helps ensure a leak-proof suture line. 

g. Closure is best performed with accurately placed interrupted 
sutures. Use 4/0 absorbable atraumatic sutures (Polysorb or 
coated Vicryl). Place the suture bites accurately, 2-mm apart. 




Figure 14.2.2. The drainage cannula is threaded over the guide wire into the 
peritoneal cavity. 
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2. Decompression by T-tube — ^The practical considerations if this 
method of decompression is used include appropriate size (Fr 14) and 
correct exit course of the long limb of the T-tube. 

a. Trim the crossbar of the T (the intracholedochal segment) to 
twice the length of the choledochotomy (generally 2 cm) and 
fillet this segment longitudinally. 

b. Fold the two ends together using an atraumatic grasper and in- 
troduce the T-tube into the CBD. 

c. Exteriorize the long limb in the right flank. 

d. Close the choledochotomy from above downward (using inter- 
rupted 4/0 absorbable sutures, as previously discussed) so that 
the long limb comes to lie at the lower end of the suture line 
(Fig. 14.2.4). 



A 



B 





Figure 14.2.4. A. The folded T-tube is inserted into the choledochotomy. B. T- 
tube in place. The choledochotomy will be closed from above downward. The 
T-tube will exit from the lower end of the choledochotomy when the sutures 
are placed. 
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3. Completion fluorocholaniogram is advisable, even when comple- 
tion choledochoscopy has been normal, as small stone fragments in 
the ampullary region are easily missed. Begin screening during the 
early filling phase with slow injection of contrast, as otherwise small 
calculi may be obscured by the contrast medium (see Chapter 13.2, 
Cholangiography). 

4. Always insert a subhepatic drain via the right subcostal trocar and 
place the tip of the drain near the choledochotomy. 

5. If exploration is unsuccessful, consider conversion to an open proce- 
dure (Table 14.2.2). 

Table 14.2.2. Indications for conversion to open procedure 

1 . Failure to progress with the operation (beyond 2 hours); the most 
common problem is an impacted stone that has excavated a diver- 
ticulum; these cases frequently require open transduodenal 
sphincteroplasty 

2. Large stone load in a grossly dilated bile duct (if the surgeon is not 
experienced with the performance of laparoscopic choledocho- 
duodenostomy) 

3. Difficult anatomy or unsuspected pathology of the biliopancreatic 
tract 

4. Uncontrollable bleeding 



G. Postoperative Management 

1 . Continue perioperative antibiotics for 48 hours. 

2. Management of transcystic drainage catheter: The average output 
from the 8-Fr cystic duct drainage cannula is 300 ml per day. Perform 
postoperative transcystic cholangiography on the 2nd postoperative 
day. 

a. If the cholangiogram is normal with good entry of dye into the 
duodenum, clamp the drainage catheter and cover it with an oc- 
clusive dressing. 

b. Remove the subhepatic drain on the next day (if no bile drain- 
age) and discharge the patient. 

c. Remove the transcystic drainage catheter after a minimum of 7 
days (longer if the patient is elderly or diabetic) to assure that a 
secure tract has formed. 

3 . Management of T -tube. 

a. Delay performing the cholangiogram until the 7th postoperative 
day. 

b. If normal, clamp the tube for 6 hours. 

c. If there are no symptoms or bile drainage from the subhepatic 
drain (and provided the patient is not immunosuppressed, eld- 
erly, or diabetic), remove the T-tube. 
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d. Remove the subhepatic drain 12 to 24 hours later. 

e. Immunosuppressed patients should be sent home with the T-tube 
clamped. The T-tube may be removed 2 weeks later. 

4. If stones are identified on the postoperative cholangiogram, insert a 
guide wire into the duodenum under fluoroscopic control for use 
during the subsequent endoscopic retrograde cholangiopancreatogra- 
phy (ERCP) (see Chapter 60). 
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15. Complications of Laparoscopic 
Cholecystectomy and Laparoscopic 
Common Duct Exploration 



Mark A. Talamini, M.D. 

Joseph Petelin, M.D. 

Alfred Cuschieri, M.D. 

A. Management of Bile Duct Injury 

Both the common duct and the right hepatic duct are at risk during laparo- 
scopic biliary surgery. 

1. Cause and prevention: The major causes are mistaken anatomy or 
excessive inflammation. Maintain the dissection high on the gall- 
bladder and carefully delineate the anatomy before clipping or ligat- 
ing any structures (see Chapter 13.1, Avoiding Complications). Cho- 
langiography (see Chapter 13.2) provides an invaluable roadmap. 
Suspect inflammation when bowel or duodenum is densely adherent 
to the gallbladder. Bile duct injury can also occur during common 
duct exploration (see sections B and C below). 

2. Recognition and management 

a. Intraoperative: The danger signs listed in Table 15.1 should 
prompt the prudent surgeon to prove, at the very least, that a bile 
duct injury has not occurred. Bowel plastered to the face of the 
gallbladder is an early warning sign of excessive inflammation. 
Gently attempt to separate the tissues, and consider conversion 
to formal laparotomy, particularly if the inflammatory process 
precludes safe identification of structures in Calot’s triangle. 
Leakage of bile after all structures have been clipped and di- 
vided (and any holes in the gallbladder repaired) should suggest 
a ductal injury. Cholangiography may confirm or exclude a de- 
fect in the biliary tree, but if suspicion remains, it is safest to 
convert to formal laparotomy. Dissection should normally prog- 
ress several centimeters from the bifurcation of the right and left 
hepatic ducts. Dissection up under the liver should raise con- 
cern. In rare instances this will actually be the appropriate loca- 
tion for dissection. If that is the case, it probably is most safely 
dissected through an open incision. At the very least, when dis- 
section is close up under the liver, one must be particularly care- 
ful about staying close to the gallbladder. Cholangiography is 
the best way to delineate anatomy. Figure 13.2.14 shows the 
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classic “cholangiogram from hell” in which the distal common 
duct is seen but no contrast flows proximal. This cholangiogram 
is a classic sign that the structure that has been identified as the 
“cystic duct” is actually the common duct and should prompt 
conversion to laparotomy. Examination of the removed gall- 
bladder specimen can be a very reassuring exercise. This is 
particularly true after a difficult dissection. A careful dissection 
of the organ will quickly reveal exactly where the cystic duct 
was clipped and divided, and confirm that no additional tubular 
structures (such as a segment of common or right hepatic duct) 
are attached. Management of bile duct injury depends on sur- 
geon experience and comfort level with biliary tree reconstruc- 
tion procedures. These are complex operations, and the best 
chance for a good, long-term outcome is during the first recon- 
struction. If the surgeon is uncomfortable or inexperienced, 
contact should be made with an experienced surgeon. Under 
some circumstances the best option may be to drain the site of 
injury and transfer the patient. The appropriate repair will gener- 
ally be a Roux-en-Y hepaticojejunostomy to the proximal com- 
mon hepatic duct or to the bifurcation of the right and left he- 
patic duct if necessary. The author’s practice is to stent these 
anastomoses with Silastic stents passed through the anastomosis 
and brought out percutaneously. These are left in for months. 



Table 15.1. Danger signs during laparoscopic biliary tract surgery 



Sign 


Significance 


Bile in operative field (in the ab- 
sence of hole in gallbladder) 


Bile duct injury 


Dense adhesions to gallbladder 


Excessive inflammation 


Dissection progressing into hilum of 
liver 


Mistaken anatomy 


Extra or unexpected tubular struc- 
ture encountered during dissection 


Mistaken anatomy (aberrant right 
hepatic duct, or transected common 
duct) 


Presumed cystic duct appears un- 
usually large in diameter 


Mistaken anatomy (“cystic duct” is 
actually common or right hepatic 
duct) 


Extra tubular structure attached to 
resected gallbladder 


Portion of common or right hepatic 
duct excised with specimen 



b. Postoperative: In the most common pattern of injury, bile leaks 
into the peritoneal cavity. The classic signs are pain, fever, ab- 
dominal distention, and abnormal liver function tests. Nuclear 
medicine scan will demonstrate leakage (Fig. 15.1). 
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Figure 15.1. Nuclear medicine scan demonstrating free leakage of contrast. 
This patient had a complete transection of the common duct. 



There are three objectives when a bile duct injury is discovered 
postoperatively: definition and drainage of the biliary tree, con- 
trol of bile peritonitis, and reconstruction of the biliary tree. 
Definition and drainage of the biliary tree requires an experi- 
enced interventional radiology team that can perform complex 
biliary tree manipulation. Percutaneous transhepatic cholangiog- 
raphy and percutaneous biliary drainage are necessary to deline- 
ate biliary defect and to divert the bile away from the area by 
allowing it to preferentially drain into a gravity bag placed be- 
low the level of the bed. Control of bile peritonitis often means 
creating drainage for a biloma in the region of the biliary defect. 
If the surgeon left a percutaneous drain at the initial operation, 
this is usually perfectly adequate, and in fact avoids significant 
peritonitis. Reconstruction of the biliary tree usually means 
construction of a hepaticojejunostomy in an elective setting. 
Once the biliary tree is diverted and the biloma drained, the 
pressure is off to move rapidly to the operating room. In fact, it 
is often advantageous to wait 4 to 6 weeks to allow any existent 
peritonitis to settle down, improving the likelihood of a good re- 
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pair. Treatment of patients with laparoscopic bile duct injury re- 
quires an experienced multidisciplinary team with specialized 
equipment. Surgeons without such equipment and personnel at 
their disposal should consider transfer of the patient to another 
institution. 



B. Complications of Transcystic Duct Exploration 

Because laparoscopic common duct exploration (LCDE) is commonly per- 
formed in conjunction with laparoscopic cholecystectomy, any of the compli- 
cations discussed in Chapter 13.3 (or section A above) may occur. Additional 
complications associated with LCDE include: 

1 . Failure to clear the common duct 

a. Cause and prevention: There are numerous reasons for inabil- 
ity to clear the common duct of its obstruction. These include 
patient instability, intense inflammation in the porta hepatis, 
obese body habitus, intrahepatic stones, impacted stones, stones 
distal to a stricture, inadequate equipment, and surgeon inexpe- 
rience. The most important of these is surgeon inexperience. 
While it may be difficult to gain actual laparoscopic common 
bile duct exploration experience, surgeons who practice routine 
intraoperative cholangiography are using many of the same ma- 
neuvers that are used for transcystic ductal exploration, such as 
catheter and basket insertion into the ductal system. This should 
serve as useful preparation for LCDE. Additional training may 
be obtained by participation in a laparoscopic common bile duct 
exploration course or laparoscopic fellowship. 

b. Recognition and management: Completion cholangiography is 
essential to document the status of the ductal system after 
LCDE. Intraluminal opacities or failure of contrast to pass into 
the duodenum is usually indicative of retained intraductal mate- 
rial. After a thorough and careful attempt to clear the ductal 
system of all stones laparoscopically, decide whether to convert 
to open common bile duct exploration or resort to postoperative 
endoscopic retrograde techniques for stone removal. 

2. Bile leak 

a. Cause and prevention: Bile may leak from the gallbladder bed, 
the cystic duct orifice used for LCDE, the cystic duct-common 
duct junction, or the common duct itself. This may be the result 
of dissection and manipulation of these structures during LCDE. 

b. Good visualization and gentle tissue handling techniques may 
help reduce the incidence of this problem. The cystic duct must 
be secured adequately after LCDE. Consider suture ligation 
when the cystic duct is large, thickened, or short. Distal common 
duct manipulation, recent pancreatitis, or postoperative ERCP 
may cause temporary elevation of biliary pressure and suture li- 
gation should be considered if any of these conditions apply. 
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c. Recognition and management: Postoperative fever, excessive 
bilious drain output, ileus, and elevated liver function studies 
may indicate a bile leak. A radionuclide scan may confirm the 
presence of a leak, and the possibility of a distal obstruction in 
the common bile duct. Sonography or computed tomography 
(CT) scanning of the abdomen may help localize a bile collec- 
tion if there is one. 

d. If a drain is already in place, and if there is no evidence of distal 
obstruction of the common bile duct, observation, intravenous 
fluids, and antibiotic coverage may be all that is necessary. If no 
drain is in place, and if a bile collection is localized, then ra- 
diographically directed placement of a drain may be adequate to 
allow a period of observation. The surgeon should not wait an 
excessively long time to intervene if there is no indication that 
the leak will seal itself or if generalized peritonitis is present. 

3. Abscess 

a. Cause and prevention: Patients requiring LCDE are often 
older, with more intense gallbladder inflammation than those re- 
quiring laparoscopic cholecystectomy. The bile is frequently 
colonized with bacteria. Hence, patients may be more prone to 
the development of postoperative infectious problems at the sur- 
gical site. Prophylactic antibiotics are essential here, and when 
acute or gangrenous cholecystitis or cholangitis is documented 
therapeutic antibiotic coverage should be continued into the 
postoperative period. 

b. Thoroughly cleanse the perihepatic space of debris and stones 
before completing the case. If there has been severe inflamma- 
tion or spillage of bile or stones, placement of a closed system 
suction drain may be prudent. 

c. Recognition and management: Postoperative fever, tachycar- 
dia, ileus, and abdominal pain usually signal the presence of a 
problem at the surgical site. Confinn the presence of an abscess 
by sonography or CT scanning. Management includes estab- 
lishing drainage (which can often be accomplished percutane- 
ously under ultrasound or CT guidance) and intravenous antibi- 
otics. Surgical drainage may be needed if the symptoms do not 
resolve. 

4. Common duct injury 

a. Cause and prevention: Improper identification of the anatomy 
during dissection may lead to injury to the duct. This may be 
more likely in cases where there is intense inflammation in the 
porta hepatis. A thorough knowledge of the anatomy, as seen 
laparoscopically, is essential. Intraoperative cholangiography via 
the cystic duct or the gallbladder, if necessary, may provide 
clues as to the location of the duct. 

During the ductal exploration itself, aggressive manipulation of 
instruments or the duct itself may lead to ductal injury. Pass all 
instruments gently to avoid ductal injury. Baskets are especially 
prone to puncture the duct, due to the small size and configura- 
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tion of the tip. Similarly, electrohydraulic lithotripsy must be 
used under direct visual control, and applied accurately and with 
care to avoid injury to the duct wall. 

b. Recognition and management: The best time to recognize this 
injury is at the time of surgery, when it can be either repaired 
primarily or bypassed if necessary. Unfortunately, most injuries 
are not recognized at this time and present themselves later with 
fever, tachycardia, abdominal pain, ileus, and jaundice. At that 
point, after stabilization of the patient, referral to a center spe- 
cializing in reconstructive biliary tract surgery is the best option. 

5. Pancreatitis 

a. Cause and prevention: Pancreatitis may be present before sur- 
gery, or exacerbated or induced postoperatively by manipulation 
of the distal duct. Gentle techniques are the order here in order 
to minimize the occurrence of this problem. High-pressure 
balloon dilatation of the sphincter of Oddi, advocated by some, 
commonly causes hyperamylasemia or frank pancreatitis, and is 
therefore not widely recommended. 

Passage of the choledochoscope into the duodenum is similarly 
a potentially hazardous practice and should only be used when 
necessary to gently push debris into the duodenum, or when the 
orifice into the duodenum is widely patent, such as after preop- 
erative sphincterotomy or intraoperative intravenous glucagon 
administration. 

b. Recognition and management: Pancreatitis may present post- 
operatively with excessive abdominal or back pain, fever, ileus, 
anorexia, or failure to thrive. The diagnosis may be confirmed 
with amylase measurement. CT scanning of the abdomen may 
be necessary if the patient does not improve with intravenous 
fluids, NPO status, and nasogastric (NG) suction. Antibiotics 
may be required if pancreatic abscess is suspected or confirmed 
with CT scanning. 



C. Complications of Laparoscopic 
Choledochotomy 

It is conceptually useful to divide complications of laparoscopic choledo- 
chotomy into early and late complications. Many of the complications listed in 
section A may also occur after laparoscopic choledochotomy. 

1 . Early complications are recognized in the first few days after lapa- 
roscopic common bile duct (CBD) exploration. These include: 
a. Biloma/bile leakage through the subhepatic drain. Bile leakage 
is commoner after T-tube insertion than after transcystic drain- 
age with primary closure. The leakage is usually from the cho- 
ledochotomy site, but may be from the gallbladder bed. 
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i. Excessive bile leakage indicates probable dislodgment of 
the T-tube or transcystic cannula. 

ii. The initial investigations may include ultrasound examina- 
tion and radionuclide scanning of the biliary tree. The T- 
tube or transcystic duct cannula provide a convenient route 
for cholangiography, if needed. 

iii. Established biliary peritonitis or dislodgment of the T-tube 
are indications for reintervention laparoscopy/laparotomy. 

iv. Otherwise percutaneous drainage under radiologic control 
should suffice (if adequate drainage has not been provided 
by the closed suction drain placed during surgery). 

b. Missed stone 

i. By definition, these are stones discovered on the postop- 
erative cholangiogram and up to 2 years after the duct ex- 
ploration. 

ii. When discovered postoperatively, they should be removed 
either by endoscopic stone extraction or by removal via the 
mature T-tube tract (4-6 weeks later). 

iii. Pressure-controlled flushing with heparinized saline and 
antispasmodic medication (glucagon, ceruletide) may be ef- 
fective in some cases. 

c. Cholangitis 

i. Transient cholangitis is common in patients undergoing 
laparoscopic duct exploration after failed endoscopic 
sphincterotomy. 

ii. Postoperative cholangitis often indicates missed stone or 
other pathology. 

iii. If adequate drainage of the biliary tract is confirmed by an 
urgent T-tube/transcystic cholangiogram, the management 
is by antibiotic therapy. Otherwise endoscopic sphincterot- 
omy or stenting is performed as a matter of urgency. 

2. Late complications 

a. Abscess formation around a spilled stone. This is especially 
likely to occur with brown pigment stone (which usually harbor 
bacteria in the amorphous pits). Open drainage with removal of 
the stone is required. 

b. Recurrent calculi present beyond 2 years after surgery and are 
managed as new cases either laparoscopically or by endoscopic 
stone extraction. 

c. Stricture of common duct may present several years later. 
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16. Laparoscopic Treatment of 
Gastroesophageal Reflux and 
Hiatal Hernia 

JejfreyH. Peters, M.D., F.A.C.S. 



A. Indications and Preoperative Evaluation 

1. Laparoscopic fundoplication is indicated for the treatment of ob- 
jectively documented, relatively severe, gastroesophageal reflux dis- 
ease. Care in patient selection and preoperative evaluation are essen- 
tial for good results. Patients with gastroesophageal reflux and any of 
the following may be considered candidates for the procedure: 

a. Erosive esophagitis, stricture, and/or Barrett’s esophagus. 

b. Dependence upon proton pump inhibitors for relief of symptoms 
in the absence of documented mucosal injury (particularly those 
less than 50 years of age). 

c. Atypical or respiratory symptoms with a good response to medi- 
cal treatment. 

d. Risk factors that predict a poor response to medical therapy (Ta- 
ble 16.1). 

Table 16.1. Risk factors that predict a poor response to medical therapy 

1 . Nocturnal reflux on 24-hour esophageal pH study 

2. Structurally deficient lower esophageal sphincter 

3. Mixed reflux of gastric and duodenal juice 

4. Mucosal injury on presentation 



2. The therapeutic approach to patients presenting for the first time 
with symptoms suggestive of gastroesophageal reflux includes an 
initial trial of H2 blocker therapy. Many patients will already have 
sought relief with readily-available over the counter agents. 

a. Failure of H2 blockers to control the symptoms, or immediate 
return of symptoms after stopping treatment suggests either that 
the diagnosis is incorrect, or that the patient has relatively severe 
disease. 

b. Endoscopic examination at this stage of evaluation provides 
the opportunity for assessing the severity of mucosal damage 
and the presence of Barrett’s esophagus (see Part II, Section II, 
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Upper Gastrointestinal Endoscopy, Indications). Either finding 
on initial endoscopy predicts a high risk for medical failure. 

3. Appropriate diagnostic evaluation should then be undertaken. The 
diagnostic approach to patients suspected of having gastroesopha- 
geal reflux disease and being considered for antireflux surgery has 
three important goals (Table 16.2). 

Table 16.2. Goals of diagnostic evaluation for possible antireflux surgery 

• To determine that gastroesophageal reflux is the underlying cause of 
the patients symptoms 

• To evaluate the status of esophageal body, and occasionally gastric 
function 

• To determine the presence or absence of esophageal shortening 



Symptoms thought to be indicative of gastroesophageal reflux disease, such 
as heartburn or acid regurgitation, are very common in the general population, 
and cannot be used alone to guide therapeutic decisions, particularly when con- 
sidering antireflux surgery. These symptoms, even when excessive, are not 
specific for gastroesophageal reflux and are often caused by other diseases 
(such as achalasia, diffuse spasm, esophageal carcinoma, pyloric stenosis, cho- 
lelithiasis, gastritis, gastric or duodenal ulcer, and coronary artery disease). 

A common error is to define the presence of gastroesophageal reflux dis- 
ease by the endoscopic finding of esophagitis. Limiting the diagnosis to pa- 
tients with endoscopic esophagitis ignores a large population of patients with- 
out mucosal injury who may have severe symptoms of gastroesophageal reflux 
and could be considered for antireflux surgery. The most precise approach to 
define gastroesophageal reflux disease is to measure the basic pathophysiologic 
abnormality of the disease, that is, increased exposure of the esophagus to gas- 
tric juice. The workup consists of: 

a. 24-hour pH monitoring, to assess the degree and pattern of 
esophageal exposure to gastric juice. 

b. Manometric examination of the lower esophageal sphincter 
and motor function of the body of the esophagus. This will help 
determine if there is sufficient motor power in the body of the 
esophagus to propel a bolus of food through a newly recon- 
structed valve. Patients with normal peristaltic contractions do 
well with a 360-degree Nissen fundoplication. When peristalsis 
is absent, severely disordered (greater than 50% simultaneous 
contractions), or the amplitude of the contraction in one or more 
of the lower esophageal segment, is below 20 mm Hg, a partial 
fundoplication may be the procedure of choice. 

c. Assessment of esophageal length to exclude esophageal 
shortening. Repetitive injury causes scarring, fibrosis, and ulti- 
mately results in anatomic shortening of the esophagus. This 
compromises the ability to do an adequate repair without tension 
and lead to an increased incidence of breakdown or thoracic dis- 
placement of the repair. 
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i. Esophageal length is best assessed using video roentgeno- 
graphic contrast studies and endoscopic findings. 

ii. Endoscopically, hernia size is measured as the difference 
between the diaphragmatic crura, identified by having the 
patient sniff, and the gastroesophageal junction, identified 
as the loss of gastric rugal folds. Suspect a short esophagus 
if there is a large (>5cm) hiatal hernia, particularly if it fails 
to reduce in the upright position on a video barium esopha- 
gram. A Collis gastroplasty and partial fundoplication will 
result in excellent control of reflux in the majority of these 
patients. 

d. Selection of a partial versus complete fundoplication, and an 
open or laparoscopic approach is based upon on an assessment 
of esophageal contractility and length. Laparoscopic fundopli- 
cation is used in the majority of patients who will have normal 
esophageal contractility and length. Those with weak esophageal 
contractions (amplitudes of contraction <20 mm Hg) an^or ab- 
normal wave progression (>20% simultaneous waves) may be 
treated with a partial fundoplication in order to avoid the in- 
creased outflow resistance associated with a complete fundopli- 
cation. If the esophagus is short (>5 cm hiatal hernia on radiog- 
raphy), a Collis gastroplasty is likely necessary and an open 
transthoracic approach should be used. 



B. Patient Position and Room Setup 

1. Position the patient supine, in a modified lithotomy position. It is im- 
portant that the knees be only slightly flexed, to avoid limiting mo- 
bility of the surgeon and the instruments (Fig. 16.1). 

2. The surgeon stands between the legs and works with both hands. This 
allows the right- and left-handed instruments to approach the hiatus 
from the respective upper abdominal quadrants. 

3. Use 30-45% of reverse Trendelenburg to displace the transverse co- 
lon and small bowel inferiorly, keeping them from obstructing the 
view of the video camera. 
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Figure 16.1. Patient positioning and room setup for laparoscopic fundoplica- 
tion. The patient is placed with the head elevated 45 degrees in the modified 
lithotomy position. The surgeon stands between the patient’s legs. One assis- 
tant, on the surgeon’s right, retracts the stomach; and a second assistant, on the 
surgeon’s left, manipulates the camera. 



C. Trocar Position and Principles of Exposure 

1. Five 10-mm ports are utilized (Fig. 16.2). 

2. Place the camera above the umbilicus, one third of the distance to 
the xiphoid process. In most patients, placement of the camera in the 
umbilicus will be too low to allow adequate visualization of the hiatal 
strictures once dissected. 
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Figure 16.2. Trocar placement for laparoscopic antireflux surgery. Five 10 mm 
trocars are generally used, but the two lateral retraction ports can be downsized 
to 5 mm with appropriate instrumentation. 



3. Place two lateral retracting ports in the right and left anterior axil- 
lary lines, respectively. Position the trocar for the liver retractor in the 
right mid-abdomen (mid-clavicular line), at or slightly below the 
camera port. This allows the proper angle toward the left lateral seg- 
ment of the liver and thus the ability to push the instrument toward 
the operating table, lifting the liver. Place the second retraction port 
at the level of the umbilicus, in the left anterior axillary line. 

4. Place the operating trocars in the right and left midclavicular lines, 
2-3" below the costal margin. This allows triangulation between the 
camera and the two instruments, and avoids the difficulty associated 
with the instruments being in direct line with the camera. The falci- 
form ligament hangs low in many patients and provides a barrier 
around which the left-handed instrument must be manipulated. 
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5. Initial retraction is accomplished with exposure of the esophageal 
hiatus. A fan retractor is placed into the right anterior axillary port, 
and positioned to hold the left lateral segment of the liver toward the 
anterior abdominal wall. We prefer to utilize a table retractor to hold 
this instrument once properly positioned. Trauma to the liver should 
be meticulously avoided, because subsequent bleeding will obscure 
the field. Mobilization of the left lateral segment by division of the 
triangular ligament is not necessary. Place a Babcock clamp into the 
left anterior axillary port and retract the stomach toward the patient’s 
left foot. This maneuver exposes the esophageal hiatus (Fig. 16.3). 
Commonly a hiatal hernia will need to be reduced. Use an atraumatic 
clamp, and take care not to grasp the stomach too vigorously, as gas- 
tric perforations can occur. 




Figure 16.3. Laparoscopic exposure of the esophageal hiatus. A fan-type re- 
tractor (placed through the right subcostal port) elevated the left lateral hepatic 
segment anterolaterally. A Babcock clamp (placed through the left lateral port) 
retracts the stomach caudad. This places the phrenoesophageal membrane on 
traction. 
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D. Technique of Nissen Fundoplication 

The critical elements of laparoscopic Nissen fundoplication are enumerated 
in Table 16.3 and will be discussed in detail here. 

Table 16.3. Elements of laparoscopic nissen fundoplication 

1. Crural dissection, identification and preservation of both vagi in- 
cluding the hepatic branch of the anterior vagus 

2. Circumferential dissection of the esophagus 

3. Crural closure 

4. Fundic mobilization by division of short gastric vessels 

5. Creation of a short, loose fundoplication by enveloping the ante- 
rior and posterior wall of the fundus around the lower esophagus 



1. Crural dissection begins with identification of the right crus. Met- 
zenbaum type scissors and fine grasping forceps are preferred for dis- 
section. In all except the most obese patients, there is a very thin por- 
tion of the gastrohepatic omentum overlying the caudate lobe of the 
liver (Fig. 16.4). 

a. Begin the dissection by incising this portion of the gastrohepatic 
omentum above and below the hepatic branch of the anterior va- 
gal nerve (which the author routinely spares). 

b. A large left hepatic artery arising from the left gastric artery will 
be present in up to 25% of patients. It should be identified and 
avoided. 

c. After incising the gastrohepatic omentum, the outside of the 
right crus will become evident. Incise the peritoneum overlying 
the anterior aspect of the right crus with scissors and electro- 
cautery, and dissect the right crus from anterior to posterior as 
far as possible. 

d. The medial portion of the right crus leads into the mediastinum, 
and is entered by blunt dissection with both instruments. 

e. At this juncture the esophagus usually becomes evident. Retract 
the right crus laterally and perform a modest dissection of the 
tissues posterior to the esophagus. Do not attempt to dissect be- 
hind the gastroesophageal junction at this time. 

f. Meticulous hemostasis is critical. Blood and fluid tends to pool 
in the hiatus and is difficult to remove. Irrigation should be kept 
to a minimum. Take care not to injure the phrenic artery and 
vein as they course above the hiatus. A large hiatal hernia often 
makes this portion of the procedure easier as it accentuates the 
diaphragmatic crura. On the other hand, dissection of a large 
mediastinal hernia sac can be difficult. 
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Figure 16.4. Initial dissection of the esophageal hiatus. The right crus is identi- 
fied and dissected towards its posterior confluence with the left crus. 



g. Following dissection of the right crus, attention is turned toward 
the anterior crural confluence. Use the left-handed grasper to 
hold up the tissues anterior to the esophagus, and sweep the 
esophagus downward and to the right, separating it from the left 
crus. 

h. Divide the anterior crural tissues and identify the left crus. 

i. Dissect the left crus as completely as possible, including taking 
down the angle of His and the attachments of the fundus to the 
left diaphragm (Fig. 16.5). A complete dissection of the lateral 
and inferior aspect of the left crus and fundus of the stomach is 
the key maneuver allowing circumferential mobilization of the 
esophagus. Failure to do so will result in difficulty encircling the 
esophagus, particularly if approached from the right. Reposi- 
tioning of the Babcock retractor toward the fundic side of the 
stomach facilitates retraction for this portion of the procedure. 
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Figure 16.5. Dissection of the left crus. The left crus is dissected as completely 
as possible and the attachments of the fundus of the stomach to the diaphragm 
are taken down. 



2. Circumferential dissection of the esophagus is achieved by careful 

dissection of the anterior and posterior soft tissues within the hiatus. 

If the crura have been completely dissected, then dissection posterior 

to the esophagus to create a window will not be difficult. 

a. From the patient’s right side, use the left-handed instrument to 
retract the esophagus anteriorly. This allows the right hand to 
perform the dissection behind the esophagus. Reverse this ma- 
neuver for the left-sided dissection. 

b. Leave the posterior vagus nerve on the esophagus. 

c. Identify the left crus and keep the dissection caudad to it. There 
is a tendency to dissect into the mediastinum and left pleura. 

d. In the presence of severe esophagitis, transmural inflammation, 
esophageal shortening and/or a large posterior fat pad, this dis- 
section may be particularly difficult. If unduly difficult, abandon 
this route of dissection and approach the hiatus from the left side 
by dividing the short gastric vessels (see below) at this point in 
the procedure rather than later. 
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e. After completing the posterior dissection, pass a grasper (via the 
surgeon’s left-handed port) behind the esophagus and over the 
left crus. Pass a Penrose drain around the esophagus and use this 
as an esophageal retractor for the remainder of the procedure. 

3. Crural closure: Continue the crural dissection to enlarge the space 
behind the gastroesophageal junction as much as possible, 
a. Holding the esophagus anterior and to the left, approximate the 
crura with three to four (sometimes as many as six) interrupted 0 
silk sutures, starting just above the aortic decussation and 
working anterior (Fig. 16.6). 




Figure 16.6. Three to six interrupted 0 silk sutures are used to close the crura. 
Exposure of the crura and posterior aspect of the esophagus is facilitated by 
traction on a Penrose drain encircling the gastroesophageal junction. 
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b. The author prefers a large needle (CTl) passed down the left 
upper 10-mm port to facilitate a durable crural closure. 

c. Because space is limited, it is often necessary to use the sur- 
geon’s left-handed (nondominant) instrument as a retractor, fa- 
cilitating placement of single bites through each crus with the 
surgeon’s right hand. 

d. The author prefers extracorporeal knot tying using a standard 
knot pusher, although tying within the abdomen is perfectly ap- 
propriate. 

4. Fundic mobilization: Complete fundic mobilization allows con- 
struction of a tension-free fundoplication. 

a. Remove the liver retractor and place a second Babcock forceps 
through the right anterior axillary port to facilitate retraction 
during division of the short gastric vessels. 

b. Suspend the gastrosplenic omentum anteroposteriorly, in a 
clothesline fashion via both Babcock forceps, and enter the 
lesser sac approximately one third the distance down the greater 
curvature of the stomach (Fig. 16.7). Sequentially dissect and 
divide the short gastric vessels with the aid of ultrasonic shears 
(Ethicon Endosurgery, Cincinnati, OH). An anterior-posterior 
rather than medial to lateral orientation of the vessels is pre- 
ferred, with the exception of those close to the spleen. The dis- 
section includes pancreaticogastric branches posterior to the up- 
per stomach and continues until the right crus and caudate lobe 
can be seen from the left side (Fig. 16.8). With caution and me- 
ticulous dissection the fundus can be completely mobilized in 
virtually all patients. 

5. Create a short, loose fundoplication with particular attention to the 

geometry of the wrap. 

a. Grasp the posterior fundus and pass it left to right rather than 
pulling right to left. This assures that the posterior fundus is used 
for the posterior aspect of the fundoplication. This is accom- 
plished by placing a Babcock clamp through the left lower port, 
and grasping the mid portion of the posterior fundus (Fig. 16.9). 
Gently bring the posterior fundus behind the esophagus to the 
right side with an upward, rightward, and clockwise twisting 
motion. 

b. Bring the anterior wall of the fundus anterior to the esophagus 
above the supporting Penrose drain. 
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Figure 16.7. Proper retraction of the gastrosplenic omentum facilitates the ini- 
tial steps of short gastric division. 




Figure 16.8. Retract the stomach rightward and the spleen and omentum left 
and downward to complete mobilization of the fundus. These maneuvers open 
the lesser sac and facilitate division of the high short gastric vessels. 
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Figure 16.9. A. Placement of Babcock clamp on the posterior fundus in prepa- 
ration for passing it behind the esophagus to create the posterior or right lip of 
the fundoplication. To achieve the proper angle for passage the Babcock is 
placed through the left lower trocar. B. Pass the posterior fundus from left to 
right and grasp it from the right with a Babcock clamp (passed through the right 
upper trocar). 
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c. Manipulate both the posterior and anterior fundic lips to allow 
the fundus to envelope the esophagus without twisting (Fig. 
16.10). Laparoscopic visualization has a tendency to exaggerate 
the size of the posterior opening that has been dissected. Conse- 
quently, the space for the passage of the fundus behind the 
esophagus may be tighter than thought and the fundus relatively 
ischemic when brought around. If the right lip of the fundopli- 
cation has a bluish discoloration, the stomach should be returned 
to its original position and the posterior dissection enlarged. 

d. Pass a 60-French bougie to properly size the fundoplication, and 
suture it utilizing a single U-stitch of 2-0 Prolene buttressed with 
felt pledgets. The most common error is an attempt to grasp the 
anterior portion of the stomach to construct the fundoplication 
rather than the posterior fundus. The esophagus should com- 
fortably lie in the untwisted fundus prior to suturing. 

e. Place two anchoring sutures of 2-0 silk above and below the U- 
stitch to complete the fundoplication. When finished, the suture 
line of the fundoplication should be facing in a right anterior di- 
rection. 

f. Irrigate the abdomen, assure hemostasis, and remove the bougie. 




Figure 16.10. The fundoplication is sutured in place with a single U-stitch of 2- 
0 Prolene pledgeted on the outside. A 60 French mercury weighted bougie is 
passed through the gastroesophageal junction prior to fixation of the wrap to 
assure a floppy fundoplication. Inset illustrates the proper orientation of the 
fundic wrap. 
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E. Laparoscopic Partial Fundoplication 

Although the orientation of partial fundoplication may be either anterior, 
posterior, or lateral, the most commonly performed laparoscopic partial fundo- 
plication is the modified Toupet procedure, a 270-degree posterior hemifundo- 
plication. 

1. Patient positioning, trocar placement, hiatal dissection, crural clo- 
sure, and fundic mobilization are performed exactly as for laparo- 
scopic Nissen fundoplication. 

2. Fixation of the fundoplication is the only portion of the procedure 
that differs from that of Nissen fundoplication. The posterior lip of 
the fundoplication is created as described for Nissen fundoplication. 

3. With adequate fundic mobilization the posterior fundus should lie 
comfortably on the right side of the esophagus prior to suturing it in 
place. 

4. Place a Babcock clamp on the superior aspect of the right lip and su- 
ture the posterior fundus to the crural closure with three interrupted 
sutures of 2-0 silk. 

5. Rather than bringing the lips together (as in a Nissen fundoplication), 
suture the right limb of the fundoplication to the esophageal muscu- 
lature at the 1 1 o’clock position and the left at the 1 o’clock position 
on the esophagus (Fig. 16.11). Three interrupted sutures of 2-0 silk 
are placed along the lower esophagus just above the gastroesophageal 
fat pad to fix each limb, (see also Chapter 17, in which Toupet and 
Dor fundoplications are discussed in the context of laparoscopic car- 
diomyotomy). 




Figure 16.11. Completed 270-degree posterior hemifundoplication (Toupet 
fundoplication). 
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F. Postoperative Considerations 

Recovery is more rapid than usual after the corresponding open procedure, 
and several aspects of postoperative management are correspondingly different. 

1 . A nasogastric tube is not necessary. 

2. Pain is managed with parenteral narcotics or ketorolac for the first 24 
hours and oral hydrocodone thereafter as necessary. 

3. A Foley catheter is placed following induction of anesthesia and left 
in place until the morning after surgery. The incidence of urinary re- 
tention is approximately 10-25% if bladder decompression is not 
used. 

4. A diet of clear liquids ad libitum is allowed the morning following 
surgery. Soft solids are begun on the second postoperative day and 
continued for 2 weeks. The patient should be instructed to eat slowly, 
chew carefully, and avoid bread and meats for a minimum of 2 
weeks. 



G. Complications 

The safety of laparoscopic fundoplication has now been established. Mor- 
tality is rare following an elective antireflux procedure, whether open or 
closed. The complication rate is similar to that of open fundoplication, averag- 
ing 10-15%, but the spectrum of the morbidity has changed. Complications 
associated with surgical access and postoperative recovery have improved. 
With the exception of a reduction in the number of splenic injuries and sple- 
nectomies performed during laparoscopic fundoplication, intraoperative com- 
plications such as gastric or esophageal perforation are slightly higher. Initial 
concern of the possibility of an increased incidence of pulmonary embolism, 
has not proven true. Cumulative results suggest an incidence of pulmonary 
embolism of 0.49%, similar to that of open fundoplication. 

Several excellent series of laparoscopic fundoplication have now been 
published. Three of the best come from Atlanta, Omaha, and Adelaide. These 
reports document the ability of laparoscopic fundoplication to relieve typical 
symptoms of gastroesophageal reflux, that is, heartburn, regurgitation, and 
dysphagia, in over 90% of patients. The average length of follow-up is now 
about 2 years. These results compare favorably to those of the “modem” era of 
open fundoplication. Overall, there is a 4.2% conversion rate to open surgery, a 
0.5% rate of early reoperation, and excellent to good symptomatic improve- 
ment in 91% of patients. Although the incidence of dysphagia was an unac- 
ceptably high 9% in early series, it has decreased to the 3-5% range with in- 
creasing experience and attention to technical details. Lower esophageal 
sphincter characteristics and esophageal acid exposure are returned to normal in 
nearly all patients. 

A few complications are particularly noteworthy and are described briefly 
here. 
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1. Pneumothorax and surgical emphysema have occurred in 1-2% of 
patients. This is most likely related to excessive hiatal dissection and 
should decrease with increasing experience of the surgical team. 

2. Unrecognized perforation of esophagus or stomach are the most 
life-threatening problems. Perforations of the esophagus and stomach 
occur during hiatal dissection and are related to operative experience. 
Intraoperative recognition and repair is the key to preventing life- 
threatening problems. 

3. Although uncommon, acute paraesophageal herniation has been 
noted by a number of authors and usually results in early reoperation. 

H. Selected References 

Cuschieri A, Hunter J, Wolfe B, Swanstrom LL, Hutson W. Multicenter prospective 
evaluation of laparoscopic antireflux surgery. Preliminary report. Surg Endosc 
1993,7:505-510. 

DeMeester TR, Bonavina L, Albertucci M. Nissen fundoplication for gastroesophageal 
reflux disease — evaluation of primary repair in 100 consecutive patients. Ann Surg 
1986;204:9. 

Hinder RA, Filipi CJ, Wetscher G, Neary P, DeMeester TR, Perdikis G. Laparoscopic 
Nissen fundoplication is an effective treatment for gastroesophageal reflux disease. 
Ann Surg 1994;220(4):472^83. 

Hunter JG, Trus TL, Branum GD, Waring JP, Wood WC. A physiologic approach to 
laparoscopic fundoplication for gastroesophageal reflux disease. Arm Surg 
1996,223:673-687. 

Jamieson GG, Watson DI, Britten-Jones R, Mitchell PC, Anvari M. Laparoscopic Nissen 
fundoplication. Ann Surg 1994;220:137-145. 

Kauer W, Peters JH, Bremner CG, DeMeester TR. A tailored approach to antireflux 
surgery. J Thorac Cardiovasc Surg 1995; 1 10:141-147. 

Peters JH, Heimbucher J, Kauer WKH, Incarbone R, Bremner CG, DeMeester TR. Clini- 
cal and physiologic comparison of laparoscopic and open Nissen. J Am Coll Surg 
1995;180:385-93 . 

Ratner DW, Brooks DC. Patient satisfaction following laparoscopic and open antireflux 
surgery. Arch Surg 1995;130:289-294. 

Schauer PR, Meyers WC, Eubanks S, Norem RF, Franklin M, Pappas TN. Mechanisms 
of gastric and esophageal perforations during laparoscopic fundoplication. Ann 
Surg 1996;223:43-52. 

Urschel ID. Complications of antireflux surgery. Am J Surg 1993;165:68-70. 

Waring JP, Hunter JG, Oddsdottir M, Wo J, Katz E. The preoperative evaluation of pa- 
tients considered for laparoscopic antireflux surgery. Am J Gastroenterol 
1995;90:35-38. 

Watson D, Balgrie RJ, Jamieson GG. A learning curve for laparoscopic fundoplication; 
definable, avoidable or a waste of time? Ann Surg 1996;224: 198-203. 

Weerts JM, Dallemagne B, Hamoir E, et al. Laparoscopic Nissen fundoplication; detailed 
analysis of 132 patients. Surg Laparosc Endosc 1993;3:359-364. 




17. Laparoscopic Cardiomyotomy 
(Heller Myotomy) 



Margret Oddsdottir, M.D. 



A. Indications and Patient Preparation 

Laparoscopic cardiomyotomy (Heller myotomy) is performed for achalasia. 
The diagnostic workup must exclude several diseases that can mimic achalasia 
(malignant obstruction, gastroesophageal reflux with stricture formation, dif- 
fuse esophageal spasm, and nutcracker esophagus), as treatment of these is 
quite different. A complete diagnostic workup is outlined in Table 17.1. 



Table 17.1. Diagnostic workup for laparoscopic cardiomyotomy 



Test 


Results Consistent with Achalasia 


Barium swallow 


Dilated esophagus, tapering distally, 
with a so-called birds beak deformity 


Upper GI Endoscopy (EGD) with bi- 
opsy if necessary 


Smooth mucosa and a tight distal 
esophageal sphincter which the endo- 
scopist is able to traverse. 


Esophageal manometry 


Loss of peristalsis in the esophageal 
body and a normal or hypertensive 
lower esophageal sphincter that fails 
to relax upon swallowing 


24-hour pH study* 


No evidence of gastroesophageal re- 
flux 


Computed tomography (CT) scan* 


No evidence of malignancy 



*Optional tests, depending upon clinical presentation. 



There are several therapeutic options once achalasia is definitively diag- 
nosed. Patients who can tolerate general anasethesia are candidates for laparo- 
scopic cardiomyotomy. Pneumatic balloon dilation is an alternative treatment. 
Botulinum toxin (BOTOX) injection is an alternative that should be reserved 
for patients who are not candidates for operation or dilatation. Who should be 
referred for laparoscopic cardiomyotomy? 

1 . Young patients — patients under the age of 40 do not respond well to 
pneumatic dilation 

2. Patients who fail pneumatic dilations 

3. Patients who are fit for surgery and choose to have surgery 
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Because patients with achalasia frequently retain food and secretions within 
the esophagus, preoperative fasting for at least 8 hours is recommended. Some 
surgeons evacuate the dilated esophagus with an Ewald tube or esophagoscope. 
Candida albicans frequently colonizes this dilated esophagus and oral antifun- 
gal therapy may be warranted. These measures decrease the likelihood of aspi- 
ration upon induction of anesthesia, and minimize the consequences of inad- 
vertent mucosal perforation during myotomy. 



B. Patient Positioning and Room Setup 

1 . Position the patient supine on the operating table, with the legs spread 
apart on leg boards (Fig. 17.1). If possible, tuck both arms at the pa- 
tient’s side. Place the patient in a steep reversed Trendelenburg posi- 
tion. 

2. Place an orogastric tube and Foley catheter (optional). Most surgeons 
use sequential pneumatic compression devices (or perioperative low 
molecular weight heparin injections) as prophylaxis for deep venous 
thrombosis. 

3. Stand between the patient’s legs facing the monitors, maintaining co- 
axial alignment with the gastroesophageal junction and the laparo- 
scope. The camera operator stands on the patient’s right side. The 
first assistant and scrub nurse stand on the patient’s left. 




Figure 17.1. The operating room set-up. 
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C. Trocar Position and Choice of Laparoscope 

1. Place the first trocar through the left rectus sheath, medial to the epi- 
gastric vessels. This trocar will be used for the laparoscope. It is im- 
perative to use an angled (30- or 45-degree) laparoscope for adequate 
visualization of the hiatus. 

2. Insert the remaining four trocars under direct vision (Fig. 17.2). 

3. Pass a liver retractor through the right subcostal trocar and place it 
under the left liver lobe to expose the hiatus. Several types of self- 
holding devices are available to hold the liver retractor in place. 

4. Place an atraumatic grasper through the 5 mm left flank port. The as- 
sistant should use this grasper to retract the epiphrenic fat pad. 

5. The left subcostal port and the right epigastric port are the working 
trocars for the surgeon. 




Figure 17.2. Trocar placement. The supraumbilical trocar and the right subcos- 
tal trocar are placed 15 cm from the xiphoid, the left subcostal trocar about 10 
cm from the xiphoid. The epigastric trocar is placed as high as the liver edge 
allows and as lateral as the falciform ligament allows. The left flank port is 
about 7 cm lateral to the left subcostal trocar. 



D. Performing the Cardiomyotomy 

It is convenient to conceptualize the dissection in three phases: the hiatal 
dissection, the myotomy, and the antireflux procedure (if desired). The author 
prefers to add a partial fundoplication (Toupet or Dor procedure) at the com- 
pletion of the myotomy, and this is described in the last part of this section. The 
partial fundoplication holds the raw edges of the myotomy open and provides 
some protection against gastroesophageal reflux, while being sufficiently loose 
not to obstruct passage of food and liquids (recall that the esophagus lacks 
normal peristalsis in this disorder). 
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1 . The hiatal dissection 

a. Take scissors or a hook electrocautery in the right hand and an 
atraumatic grasper in the left hand. 

b. Begin by incising the avascular area of the gastrohepatic omen- 
tum above the hepatic branch of the vagus. This exposes the 
caudate lobe of the liver and the right crus. 

c. Continue the dissection across the hiatus, dividing the phreno- 
esophageal ligament above the epiphrenic fat pad with electro- 
cautery and sharp dissection. The assistant should retract the 
epiphrenic fat pad down and to the left. 

d. Identify the right and left crura of the diaphragm and dissect 
these from the esophagus with blunt dissection. 

e. Divide the posterior esophageal attachments under direct vision 
with blunt and sharp dissection. Retain the posterior vagus with 
the posterior esophageal wall. Thus far, the dissection is essen- 
tially the same as that performed for hiatal hernia repair (see 
Chapter 16). 

f. Pass the left hand grasper behind the esophagus under direct vi- 
sion, and place the grasper in front of the left crus. Pull an 8-cm 
long segment of 1/4" Penrose drain around the esophagus. Clip 
the two ends of the drain together and use this sling to retract the 
esophagus. Special angled or reticulating graspers are available 
for this purpose. 

g. Complete the periesophageal dissection by dissecting both crura 
free of all epiphrenic tissue, mobilizing an adequate length of 
the esophagus and developing a posterior window large enough 
for a loose partial fundoplication (270 degree). Dissect the epi- 
phrenic fat pad off the anterior surface of the gastroesophageal 
junction and the cardia. 

h. Divide the short gastric vessels, beginning about one third of the 
way down the greater curvature using the ultrasonically acti- 
vated shears or a dissector and clips. Continue the dissection of 
the gastric fundus, finally taking down the attachments to the 
diaphragm and left crus. A redundant fundus is thus prepared, 
and will be used for partial fundoplication at the conclusion of 
the myotomy. 

2. The myotomy 

a. Begin the myotomy on the anterior surface of the esophagus, to 
the left of the anterior vagus nerve, just proximal to the gastro- 
esophageal junction. 

b. Use dissecting scissors and electrocautery to carefully cauterize 
a longitudinal area of the outer coat. Separate the outer longitu- 
dinal fibers using the twin action of the scissors. 

c. Separate the inner circular fibers from the underlying mucosa 
with blunt dissection, using the scissors or a dissector, then di- 
vide these circular fibers with scissors or hook cautery. Tent the 
fibers away from the mucosa before applying electocautery if a 
monopolar electrocautery is being used. Once the submucosal 
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plane is reached, the mucosa bulges up. This is clearly seen in 
the magnified laparoscopic view. 

d. Carry the myotomy proximally for about 5 to 6 cm from the 
gastroesophageal junction (Fig. 17.3). 

e. Distally, carry the myotomy across the gastro-esophageal junc- 
tion and onto the stomach for about 1 cm. On the stomach site, 
the separation of the muscle layers from the mucosa is more dif- 
ficult to achieve, the mucosa becomes thinner, and there are 
more bridging vessels than on the esophagus. This results in 
more bleeding than encountered during the esophageal myotomy 
and increased risk of perforation. 

f. Once the myotomy is completed, separate the muscle edges 
from the underlying mucosa for approximately 40 % of the eso- 
phageal circumference. 

g. Some surgeons place a flexible upper gastrointestinal (UGI) en- 
doscope in the esophagus and visualize the distal esophagus to 
confirm adequacy of myotomy. 




Figure 17.3. The myotomy being carried distally, using hook electrocautery. 
Care must be taken to elevate the muscle fibers away from the mucosa before 
the electrocautery is applied. The myotomy extends about 5 to 6 cm proximal 
to the gastroesophageal junction and about 1 cm onto the stomach. (Reprinted 
with permission from Oddsdottir M. Laparoscopic management of achalasia. 
Surg Clin North Am 1996;76:451-457.) 
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h. Pull the orogastric tube back into the distal esophagus and instill 
about 100 ml of methylene blue solution (one ampule diluted in 
250 ml NaCl) down the tube. This will clearly demonstrate any 
mucosal perforation. If any perforation is encountered, close it 
with a stitch (4-D absorbable suture). 

3. Antireflux procedures 

Either a Toupet (a posterior fundoplication) or a Dor (an anterior fundopli- 
cation) is recommended in conjunction with the myotomy. If the hiatus is 
patulous, the crura are approximated with one or two sutures posteriorly. 

a. Toupet procedure. The first fundoplication sutures anchor the 
fundic wrap posteriorly to the crural closure using two or three 
interrupted, nonabsorbable, 2-0 sutures. Suture the right side of 
the wrap to the right edge of the myotomy with three interrupted 
sutures. Similarity, suture the fundus on the left to the left edge 
of the myotomy (Fig. 17.4). 




Figure 17.4. A. Completed abdominal myotomy with Toupet posterior fundo- 
plication. B-D. Completed abdominal myotomy with Dor anterior fundoplica- 
tion. (Reprinted with permission from Hunter et al.. Laparoscopic Heller myot- 
omy and fundoplication for achalasia. Ann Surg 1997;225:655-664.) 
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b. Dor procedure. In this partial fundoplication, the redundant 
fundus is rolled over the exposed mucosa. This may be used to 
buttress a mucosal repair. Place two or three interrupted sutures 
between the fundus of the stomach and the left edge of the my- 
otomy. Then place another two or three sutures between the 
fundus and the anterior crural arch. Finally, suture the fundus to 
the right edge of the myotomy. 



E. Complications 

1 . Mucosal perforation 

a. Cause and prevention: This is the most common complication, 
and the most frequent cause is probably electrosurgical injury. 
As previously noted, on the gastric side, separation of the mus- 
cle layers from the mucosa is more difficult to achieve and the 
mucosa becomes thinner than on the esophagus. This results in 
increased risk of perforation. Late perforations are rare, and are 
probably due to sloughing of a burned mucosa. When perform- 
ing the myotomy it is very important to tent up the mucosa be- 
fore applying the electrocautery. The cut edge of the muscularis 
may bleed, but care should be taken not to apply electrocautery 
close to the mucosa. Bleeding there usually stops spontaneously. 

b. Recognition and management: Mucosal perforations are easily 
recognized, if not immediately, then during the installation of 
methylene blue dye into the esophagus. These lacerations are 
clean and are easily repaired with a stitch. As of today, there are 
no reports of an infection from a small, recognized mucosal lac- 
eration during laparoscopic cardiomyotomy. Late perforations 
are very rare. 

2. Pneumothorax 

a. Cause and prevention: Pneumothorax is not uncommon during 
laparoscopic hiatal dissection and esophageal mobilization (5- 
10%). One can frequently see the pleural edges during these pro- 
cedures. 

b. Recognition and management: These pneumothoraces are 
usually small and self-limited. They are best recognized on a 
postoperative chest film. Intervention is rarely needed as the 
lung reexpands rapidly as carbon dioxide is absorbed. Some sur- 
geons place a small red rubber catheter in the chest and suction 
the pneumothorax at the conclusion of the procedure, if pleural 
entry is seen at laparoscopy. 

3. Dysphagia 

a. Cause and prevention: Heller myotomy offers relief of dys- 
phagia in 90-97% of patients. Postoperative dysphagia may be 
due to either incomplete myotomy or a megaesophagus in “end- 
stage” achalasia. Incomplete myotomy occurs more commonly 
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at the distal end of the myotomy, the stomach side. It is impor- 
tant to carry the myotomy across the gastroesophageal junction 
and onto the stomach for about 1/2 to 1 cm. 
b. Recognition and management: The magnification during lapa- 
roscopic surgery offers excellent view of the myotomy, and of 
uncut muscle fibers. If incomplete myotomy is not recognized 
intraoperatively, postoperative dilation can help. If esophageal 
manometry shows clearly an uncut, high-pressure zone at the 
gastroesophageal junction, reoperation should be considered. 
Patients with extremely dilated aperistaltic esophagus generally 
require esophageal replacement. Workup of postoperative dys- 
phagia requires careful assessment with esophageal manometry 
and should prompt reconsideration of the underlying diagnosis. 
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A. Indications 

The indications for gastrostomy include access to the stomach for feeding 
or prolonged gastric decompression. Laparoscopic gastrostomy is indicated 
when a percutaneous endoscopic gastrostomy (PEG) cannot be performed or is 
contraindicated (see Chapter 43.2.6, Percutaneous Endoscopic Feeding Tube 
Placement). Specific situations in which this is likely to occur include: 

1 . An obstructing oropharyngeal lesion. 

2. A lesion in the esophagus when the stomach is not to be used for re- 
construction. 

3. Concern that the colon or omentum are overlying the stomach, pre- 
cluding adequate access via a percutaneous blind approach. 

Other methods of achieving enteral nutrition (such as Dobhoff tube place- 
ment) should be considered, and pyloric obstruction and gastroesophageal re- 
flux should be ruled out. If recurrent aspiration is a problem, a jejunal feeding 
tube may be more appropriate (but aspiration may still occur). 



B. Patient Position and Room Setup 

1 . Position the patient supine on the operating room table with the arms 
tucked. 

2. As with most upper abdominal procedures, some surgeons prefer a 
modified lithotomy position and operate between the legs of the pa- 
tient. 

3. The surgeon generally stands on the left side of the patient, and the 
first assistant and scrub nurse on the right side. 

4. The monitors are placed at the head of the bed and as close to the op- 
erating room table as the anesthesiologist permits. 

5. The general setup is very similar to laparoscopic cholecystectomy in 
most respects, but less equipment is required. 



C. Cannula Position and Choice of Laparoscope 

Generally only two cannulas are needed for a laparoscopic gastrostomy 
(Fig. 18.1). 
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Figure 18.1. Cannula placement for laparoscopic gastrostomy. Consider ade- 
quate working distance from anticipated site of gastrostomy placement. 



1 . Place the cannula for the 30-degree laparoscope below the umbilicus 
in short patients and at the umbilicus in tall patients. Estimate the 
working distance to the probable site of gastrostomy placement. Do 
not place the laparoscope too close, as a short working distance 
makes it difficult to proceed. 

2. Place a second 5-mm cannula in the right subcostal region at the mid- 
clavicular line. 



D. Performing the Gastrostomy 

Two methods of laparoscopic gastrostomy have been described. The first 
method constructs a simple gastrostomy without a mucosa-lined tubed. This is 
appropriate for most indications. The tract will generally seal without surgical 
closure when the tube is removed. 
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An alternative method utilizes the endoscopic stapler to construct a mu- 
cosa-lined tube in a fashion analogous to the open Janeway gastrostomy. This 
provides a permanent stoma that is easily recannulated. Both methods will be 
described here. 

1 . Simple gastrostomy 

a. Indentify the anterior wall of the body of the stomach. Avoid the 
classic error of mistaking colon for stomach by confirming the 
absence of taeniae. 

b. Select a location in the left subcostal area for gastrostomy con- 
struction. 

c. Pass an atraumatic grasper from the second cannula and grasp 
the mid-portion of the selected region. Lift the gastric wall and 
simultaneously indent the selected region of the abdominal wall 
with one finger. 

d. Confirm that the area of the stomach selected for the gastros- 
tomy comfortably reaches the corresponding area selected in the 
left upper abdominal wall. Reassess and choose different sites if 
necessary. 

e. Reduce the pneumoperitoneal pressure to 6 to 8 mm Hg to avoid 
tension on the stomach. 

f. Pass the T-fasteners though the skin and abdominal wall, and 
then through the anterior wall of the stomach (Fig. 18.2). 




Figure 18.2. T-fasteners through the abdominal wall and anterior gastric wall. 
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i. There is a slight give in resistance as the needle passes 
thought the gastric wall. 

ii. Elevate the anterior gastric wall with a grasper to prevent 
passing the T-fastener through both walls of the stomach. 

iii. Insert the most proximal T-fasteners and pull up slightly to 
expose the distal sites of the T-fasteners. By pulling on the 
T-fasteners, the correct placement can usually be deter- 
mined. 

iv. Place a total of four T-fasteners outlining a 2 to 3 cm 
square on the abdominal and gastric walls. 

g. Make a 5- to 8-mm stab incision in the skin to adequately ac- 
commodate the diameter of the gastrostomy tube. 

h. Pass a 14-gauge needle through the center of the square of the T- 
fasteners in the abdominal wall and stomach. 

i. Pass a 0.35-mm guide wire through the lumen of the needle and 
thread at least 25 cm into the stomach. 

j. Enlarge the tract with dilators and pass an 18 Fr gastrostomy 
tube using Seldinger technique. 

k. Release the pneumoperitoneum and pull up the T-fasteners. Tie 
these to secure the gastric wall to the abdominal wall. 

l. Pull up the gastrostomy tube to approximate the gastric and ab- 
dominal walls. Secure the gastrostomy tube to the skin with su- 
tures or with a Silastic plate. 

2. Construction of gastrostomy with mucosa-lined tube 

a. Place three cannulas, in addition to the umbilical port for the 
laparoscope. 

i. Left upper quadrant (10 mm) — preferably placed at the ap- 
proximate site of entry of the gastrostomy 

ii. Right upper quadrant ( 1 0 mm) 

iii. Right midabdomen (to right of umbilicus) (12 mm) 

b. Place two endoscopic Babcock clamps through the left and right 
upper quadrant cannulas and elevate a fold of gastric wall on the 
anterior surface of the stomach. 

c. Pass the endoscopic linear stapling device through the 12-mm 
cannula and use it to create a gastric tube. Generally a single ap- 
plication of the stapler will produce a tube of adequate length 
(Fig. 18.3). Take care to construct a tube with adequate lumen; 
this is accomplished by placing the stapler 1 cm from the edge 
of the gastric fold. 

d. Evacuate the pneumoperitoneum. 

e. Pull the cannula, Babcock clamp, and finally the end of the gas- 
tric tube out through the left upper quadrant trocar site. 

f. Open the gastric tube and mature the end to the skin with several 
interrupted absorbable sutures. 

g. Cannulate the gastrostomy with a small diameter Foley catheter. 
Test the gastrostomy by instilling saline or methylene blue. 
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h. Reestablish a limited (6-8 mm Hg) pneumoperitoneum suffi- 
cient to visualize the gastric wall with the laparoscope and con- 
firm that the stomach lies comfortably against the anterior ab- 
dominal wall and that there is no leakage. 




Figure 18.3. Construction of mucosa-lined tube (Janeway-style gastrostomy). A 
fold of stomach is elevated and the endoscopic stapler applied. Approximately 
1 cm of stomach must be included in the staple line to assure an adequate lu- 
men. The tube is grasped, elevated, and will be pulled out through the left up- 
per quadrant cannula site. 



E. Complications 

1 . Leakage of the gastrostomy 

a. Cause and prevention: The gastrostomy can leak if the gas- 
trostomy tube and T-fasteners are not approximated to the ab- 
dominal wall. Prevent this by directly observing the T-fasteners 
being pulled up and ensuring that the gastric wall is adherent to 
the abdominal wall. The balloon of the gastrostomy tube should 
be inflated and pulled with gentle traction to approximate the 
anterior gastric wall to the abdominal wall. This is confirmed by 
visualization though the laparoscope. If a stapled tube is con- 
structed, an incomplete staple line may result in leakage. 
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b. Recognition and management: If visualization of the stomach 
to the abdominal wall is unsatisfactory at the time of operation, 
inject methylene blue through the gastrostomy tube while visu- 
alizing the gastric wall. If any dye is seen in the abdominal cav- 
ity, assume inadequate approximation between the stomach and 
abdominal wall. Fix this either by loosening the gastrostomy 
tube and inserting more T-fasteners around the gastrostomy site, 
or by using a gastrostomy tube with a larger balloon and apply- 
ing sufficient retraction to provide a better seal between the 
stomach and abdominal wall. 

2. Gastric perforation 

a. Cause and prevention: Gastric perforation may occur during 
laparoscopic gastrostomy if there is too much tension on the T- 
fasteners, or if the selected sites cannot be approximated without 
tension. Prevent this by careful site selection and by reducing 
the pressure of the pneumoperitoneum to 6 to 8 mm Hg. Exces- 
sive use of electrocautery may produce a delayed perforation 
and the patient may present with intra-abdominal sepsis 2 to 5 
days after operation. 

b. Recognition and management: Confirm a suspected perfora- 
tion by injecting water-soluble contrast through the gastrostomy 
tube under fluoroscopic observation. If no leak is seen and the 
patient is stable or improving, nasogastric decompression may 
be sufficient. Free leakage of contrast, clinical evidence of peri- 
tonitis, or clinical deterioration mandate exploratory laparotomy. 
Oversew the perforation or convert to a formal gastrostomy. 
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A. Indications 

The indications for a laparoscopic vagotomy (vagectomy) are the same as 
for an open vagotomy and include permanent gastric acid reduction in patients 
who have idiosyncratic responses to the H-2 histamine antagonists or ^e pro- 
ton-pump inhibitors. 



B. Patient Position and Room Setup 

1. Position the patient supine on the operating table with the arms 
tucked at the sides. 

2. Some surgeons prefer a modified lithotomy position and operate be- 
tween the legs of the patient. 

3. Place the patient in reverse Trendelenburg position and rotate the 
right side of the table up slightly. 

4. Thoracoscopic vagotomy can also be performed through the left chest 
(see references at end of this chapter). 

5. The surgeon generally stands on the patient’s left side and the first 
assistant and scrub nurse stand on the right. 

6. Place the monitors at the head of the table and as close as possible. 



C. Trocar Position and Choice of Laparoscope 

1. Place the cannula for the laparoscope below the umbilicus in short 
patients and above the umbilicus in tall patients. Recall that the dis- 
tance to the esophageal hiatus is farther than generally estimated. A 
30-degree laparoscope gives the best visualization (Fig. 19.1). 

2. Place four additional cannulas (10- or 12-mm size): 

a. Right subcostal region at the midclavicular line 

b. Right subcostal region at the anterior axillary line 

c. Left subcostal region at the midclavicular line 

d. Epigastric region 

3. Additional cannulas may be required to assist in retraction or expo- 
sure, and should be placed as needed. 
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Figure 19.1. Cannula placement for laparoscopic vagotomy. 



D. Performing the Vagotomy 

Four types of vagotomy, each corresponding to a similar open procedure, 
may be performed laparoscopically. Each will be discussed here (Fig. 19.2). 
Thoracoscopic truncal vagotomy represents another option in selected cases, 
and will be discussed briefly at the conclusion. 

1. Truncal or total abdominal vagotomy divides the main vagal 
trunks as they emerge through the hiatus. The dissection at the hiatus 
and mobilization of the esophagus is the same as if performing a 
laparoscopic Nissen fundoplication (see Chapter 16, Laparoscopic 
Treatment of Gastroesophageal Reflux and Hiatal Hernia). 

a. At the esophagogastric junction, incise the peritoneal covering, 
and isolate a 3> to 4-cm segment of esophagus. 

b. Identify the anterior vagal trunk as it runs over the anterior sur- 
face of the esophagus. 

c. Doubly clip the trunk and excise a segment for pathologic con- 
firmation. 

d. Identify the posterior trunk in the space between the esophagus 
and the right crus of the diaphragm. Doubly clip this trunk, ex- 
cising a segment for pathologic confirmation. 

e. Seek out small fibers from the main trunks to the stomach or 
esophagus and divide these. 
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f. Truncal vagotomy should be accompanied by a drainage proce- 
dure such as pyloroplasty. References at the end of this chapter 
describe various methods, including laparoscopic stapling and 
suturing. Some have substituted pyloric dilatation for this proce- 
dure, with variable results. 

2. A selective (total gastric) vagotomy is performed by dissecting the 
main vagal trunks to the area where the branch to the biliary tree of 
the anterior trunk divides and transecting a section of vagus distal to 
the hepatic branch. The celiac branch of the posterior trunk is not 
easy to identify and a truncal vagotomy may be performed. If a se- 
lective vagotomy is performed, a drainage procedure is necessary. A 
selective laparoscopic vagotomy is rarely indicated or performed 
(analogous to the open procedure, which is rarely used). 

3. A highly selective (superselective, parietal cell, or proximal gastric) 
vagotomy (HSV) is the author’s vagotomy of choice. It selectively 
deprives the parietal cell mass of vagal innervation and reduces the 
sensitivity of the parietal cells to stimulation and the release of acid. 
It does not require a drainage procedure. The branches of the nerve of 
Latarjet are divided from the esophagogastric junction to the crow’s 
foot along the lesser curvature of the stomach. 

a. In contrast to the open procedure, the laparoscopic HSV gener- 
ally begins at the crow’s foot and proceeds cephalad. (Some 
surgeons prefer to begin at the esophagogastric junction and 
work caudad.) 

b. Retract the stomach caudad and to the left, and identify the 
crow’s foot termination of the nerves of Latarjet on the gastric 
antrum. 

c. Incise the gastrohepatic ligament and serially divide the 
branches (beginning at the Crow’s foot) between clips. The 
author prefers the use of the clips rather than cautery to avoid 
injury to the main nerves of Latarjet. 

d. Continue the dissection superiorly, dividing the anterior leaf of 
the gastrohepatic ligament. 

e. Once the anterior leaf of the gastrohepatic ligament is divided, 
the posterior branches are divided in a similar fashion. Magnifi- 
cation with the laparoscope makes visualization of the neurovas- 
cular bundles easier than during an open operation. 



► 

Figure 19.2 (see following page). Four types of vagotomy. A. Truncal vagot- 
omy produces total abdominal vagal denervation and requires a drainage pro- 
cedure to prevent gastric stasis. B. Selective vagotomy spares the vagal 
branches to the liver and small intestine, but produces a total gastric vagotomy. 
A drainage procedure is required. This vagotomy is rarely performed. C. 
Highly selective vagotomy (HSV) produces selective denervation of the parie- 
tal cell mass. No drainage procedure is needed, as antral innervation is pre- 
served. D. Posterior truncal vagotomy with anterior seromyotomy (Taylor op- 
eration) preserves the anterior vagal trunk. No drainage procedure is required. 
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f. The nerve of Latarjet appears as a silvery thin thread; it must be 
identified and must not be injured. It is important to isolate the 
branches. 

g. Isolate the vagal trunks for a 3- to-4 cm segment along the 
esophagus. Posterior branches (nerve of Grassi) to the cardia of 
the stomach must be identified and divided. These fine branches 
can usually be cauterized provided they are away from the main 
trunk. 

4. Posterior truncal vagotomy with anterior seromyotomy (Taylor pro- 
cedure) is a modification that is technically easier. The corresponding 
open procedure has been used in Europe for a long time, but there 
was limited interest in this modification in the United States prior to 
laparoscopic surgery. 

a. Perform a posterior truncal vagotomy as previously described. 

b. Perform an anterior seromyotomy by creating a partial-thickness 
incision along the lesser curvature of the stomach. The mucosa 
should be exposed but not entered (Fig. 19.2D). Oversew the 
area with a continuous suture to prevent a postoperative leak. No 
drainage procedure is required. 

5. A thoracoscopic vagotomy is performed through the third, sixth, and 
seventh left intercostal spaces. Using a double-lumen endotracheal 
tube, the left lung is deflated and a cannula inserted in the left sixth 
midaxillary space. The other cannulas are inserted and the lung re- 
tracted anteriorly and cephalad away from the esophagus. The infe- 
rior pulmonary ligament usually needs to be divided. If there is diffi- 
culty identifying the esophagus, a flexible endoscope can be passed 
into the esophagus and the light will illuminate the esophagus. The 
pleura over the distal third of the esophagus is incised and the ante- 
rior vagal trunk is identified, clipped, and a segment excised. The 
esophagus requires mobilization to gain access to the posterior vagal 
trunk. If a flexible endoscope was inserted, it should be withdrawn to 
prevent injury to the esophagus. The posterior trunk is isolated, 
clipped, and a segment excised. A chest tube (28 Fr) is inserted and 
the thoracoscopy incisions closed. 



E. Complications 

1 . Gastric or esophageal perforation 

a. Cause and prevention: Gastric perforation may occur from 
electrocautery injury or by clipping the branch of the nerve of 
Latarjet on the serosa of the lesser curvature. Prevent this by 
careful dissection and isolation of the branches of the nerve of 
Latarjet as well as by avoiding the use of electrocautery. The 
power setting of the electrocautery should be low but sufficient 
to coagulate tissue. If a seromyotomy vagotomy is performed, 
the area should be oversewn with a continuous suture. Esophag- 
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eal perforation may occur during hiatal dissection, particularly if 
manipulations are performed blindly. 

b. Recognition and management: Bleeding on the lesser curva- 
ture of the stomach should be controlled by low-power electro- 
cautery or suture ligation. Excessive use of cautery may produce 
a delayed perforation and the patient may present wi^ intra- 
abdominal sepsis 2 to 5 days after operation. The perforation can 
be confirmed by a Gastrografin study. If no leak is seen and the 
patient is stable or improving, nasogastric decompression may 
be sufficient. If a leak is demonstrated or a leak suspected and 
the patient has evidence of peritonitis and is not improving, then 
exploratory laparotomy is recommended with oversewing of the 
area of perforation. If the area is too inflamed to close or if distal 
obstruction is present, a gastric resection and gastrojejunostomy 
is usually needed. 

2. Delayed gastric emptying 

a. Cause and prevention: This complication is more common af- 
ter truncal and selective vagotomy, particularly if a drainage 
procedure is not performed. If inadvertent truncal vagotomy is 
performed during HSV (for example, by injury to the main 
nerves of Latarjet), gastric stasis may also occur. Loss of para- 
sympathetic innervation to the antrum disrupts normal pyloric 
function. This can be prevented by performing a drainage proce- 
dure with truncal and selective vagotomy or by performing the 
preferred highly selective vagotomy, with care to avoid injury to 
nerves of Latarjet. 

b. Recognition and management: The patient complains of full- 
ness, bloating, nausea, or vomiting. An upper gastrointestinal 
barium series usually shows a large stomach with little or no 
emptying. This is best managed by nasogastric decompressions 
and parenteral nutrition for several days and restudying the 
stomach with another barium series. Prokinetic agents such a 
Propulsid (Jansseu Pharmaceutica, Inc., Titusville, NJ) and other 
drugs such as erythromycin may also be effective. If the patient 
does not empty the stomach well and chronic problems persist, 
endoscopic balloon dilatation of the pylorus or surgical drainage 
procedure (pyloroplasty or gastrojejunostomy) may be required. 
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20. Laparoscopic Plication of 
Perforated Ulcer 



Thomas R. Gadacz, M.D. 



A. Indications 

Laparoscopic plication of perforated ulcer is indicated in patients with a 
suspected or confirmed duodenal ulcer when laparoscopic access to the perfo- 
ration is possible. It is an alternative to the standard open Graham patch plica- 
tion, and is appropriate whenever this procedure would be considered. 



B. Patient Position and Room Setup 

Laparoscopic exposure for treatment of a perforated duodenal ulcer is 
analogous to that used for laparoscopic cholecystectomy. Some surgeons prefer 
to stand between the legs of the patient for all upper abdominal laparoscopic 
procedures. (See Chapters 18 and 19 for additional positioning information.) 



C. Cannula Position and Choice of Laparoscope 

The cannula position and laparoscope are the same as described for laparo- 
scopic vagotomy (see Chapter 19). 



D. Performing the Laparoscopic Plication 

1. Perfom a careful, thorough exploration and lavage the abdominal 
cavity. If the liver has sealed the perforation, leave this seal undis- 
turbed until the remainder of the abdomen has been explored and la- 
vaged. This minimizes contamination. 

2. Pass a dissecting instrument into the right cannula and a Babcock in- 
strument in the left cannula and irrigate any fibrin away to expose the 
site of perforation. 

3. If the liver is adherent to the site of perforation, a fan-type retractor 
passed through an additional trocar may be necessary. 

4. Assess the size, location, and probable cause of perforation. Large 
perforations, particularly those for which all borders cannot be clearly 
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identified (for example, large duodenal perforations that extend onto 
the back wall of the duodenum) are difficult to plicate. Always con- 
sider the possibility of gastric malignancy or gastric lymphoma if the 
perforation is on the stomach. Exercise good judgment and convert to 
an open surgical procedure if the situation is not conducive to simple 
Graham patch closure (Fig. 20.1). 




Figure 20.1. Exposure of a typical perforated duodenal ulcer using the suction 
irrigator to wash away fibrin. 



5. Close the perforation with three or four sutures placed 8 to 10 mm 
from the edge of the perforation. 

6. Tie these sutures as they are placed. 

7. Place omentum over the plication, if possible. The author prefers to 
close the perforation first and then overlay omentum, rather than 
placing omentum in the perforation (Fig. 20.2). 

8. Irrigate the area with saline to dilute and remove as much of the gas- 
tric contents as possible. 
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Figure 20.2. Completed plication buttressed with omentum. A drain may be 
placed if desired. 



E. Complications 

1 . In general, the complications of laparoscopic plication are similar to 
those previously described for laparoscopic gastrostomy and vagot- 
omy (Chapters 18 and 19) and recognition, prevention, and manage- 
ment are similar. 

2. Additional problems with this procedure are incorrect diagnosis 
(which can be avoided if the laparoscopist is scrupulously careful to 
visualize the site of perforation), recurrent ulcer (which is likely to 
occur in 30% if treatment of the underlying ulcer diathesis is not fol- 
lowed), and inadvertent plication of a malignancy or lymphoma. 
These complications can be avoided by exercising good surgical 
judgment and converting to formal laparotomy if the diagnosis is un- 
clear or plication does not appear feasible. 

3. Gastric outlet obstruction may result if the plicating sutures are 
placed too deep, or if the ulcer has produced significant pyloric ste- 
nosis. 
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21. Gastric Resections 



Sir Alfred Cuschieri MD ChM FRCS 



A. Indications for Laparoscopic Gastric Surgery 

The indications for laparoscopic gastrectomy (in the author’s practice) are: 

1 . Intractable peptic ulceration that fails to heal on medical treatment. 
Successful medical management (including treatment for Helicobac- 
ter pylori) has made this a rare indication. In the author’s experience, 
the peptic ulcers that require resection are prepyloric ulcers (antec- 
tomy and truncal vagotomy) and gastric ulcers. 

2. Smooth muscle tumors of the stomach (leiomyomas and leimyo- 
sarcomas): These usually present with bleeding, less often perfora- 
tion. The distinction between benign and malignant is size dependent 
and can be difficult even on pathologic examination. 

3. Some gastric cancers: Case selection is important here, and the indi- 
cations are still evolving. Early gastric cancer not involving the sub- 
mucosa may be suitable for laparoscopic or endoluminal local resec- 
tion. Early gastric cancer involving the submucosa requires 
gastrectomy with removal of greater omentum and level 1 lymph 
nodes. This can be performed safely laparoscopically. Advanced 
gastric cancer (involving the muscularis propria, T2 and T3) requires 
a more extensive regional dissection with the gastrectomy. Although 
this can and has been performed laparoscopically, there is concern on 
the adequacy of the omental bursectomy/omentectomy and node 
clearance by the laparoscopic approach and thus the laparoscopic ap- 
proach cannot be regarded as standard practice. Incurable (distant 
metastasis, peritoneal deposits) but resectable disease is a good 
indication for laparoscopic palliative resection. 

4. Gastric lymphoma (from gut-associated lymphoid tissue [GALT 
lymphoma]) is suitable for laparoscopic gastric resection. 

5. Polyps and other benign lesions: These are suitable for a laparo- 
endogastric approach. 



B. Approaches 

The techniques of minimal access gastric resection may be categorized as 
follows: 

1. Interventional flexible endoscopic approach: suitable for superfi- 
cial gastric cancer not involving the submucosa on endoluminal ultra- 
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sound scanning (even if caught early, tumors with significant in- 
volvement of the submucosa have a 15-20% incidence of regional 
node spread). These approaches include submucosal resection after 
adrenaline/saline instillation in the submucosal layer, and laser abla- 
tion (see Chapter 42, Diagnostic Upper Gastrointestinal Endoscopy). 

2. Laparo-endoluminal resection: this is an alternative to the inter- 
ventional flexible endoscopic approach and is suitable for small su- 
perficial lesions. 

3. Laparoscopic partial or total gastrectomy with internal recon- 
struction of the upper gastrointestinal tract. 

4. Laparoscopic-assisted partial or total gastrectomy with recon- 
struction through a midline 5.0 cm minilaparotomy, used for both 
specimen extraction and reconstruction. 



C. Patient Position and Setup 

Two options are available for both laparo-endoluminal gastric resection and 
laparoscopic gastrectomy: 

1 . Patient in the supine head-up tilt position with the surgeon operating 
from the right side of the operating table and the main video monitor 
facing the surgeon. 

2. Patient in the supine position with head-up tilt and abduction of the 
lower limbs with the surgeon operating between the legs of the pa- 
tient. The main monitor should go at the head of the table. This is 
easier and more comfortable for the surgeon but may increase calf 
vein compression trauma and the risk of deep venous thrombosis 
(DVT), especially if leg stirrups are used. 

Irrespective of position, DVT prophylaxis with subcutaneous heparin and 
graduated compression stockings is recommended as is antibiotic prophylaxis. 



D. Endoluminal Gastric Surgery 

The technique described here works well for lesions on the posterior wall, 
fundus, and esophagogastric junction. An experienced laparoscopic surgeon 
and a skilled endoscopist (working at the head of the table, outside the sterile 
field) work together. 

1. Place a laparoscope through an umbilical port and perform a thor- 
ough laparoscopic inspection of the peritoneal cavity and stomach. 

2. The assistant then passes a flexible upper gastrointestinal endoscope 
with a large (3.4-mm) instrument channel and inflates the stomach. 
An instrument passed through this endoscope will provide additional 
manipulation and assistance during the surgery. 

3. Choose the appropriate point for intragastric entry, usually halfway 
between the greater and lesser curvature in the proximal half of the 
stomach (Fig. 21.1). The exact site is dictated by the topography of 
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the intragastric lesion. After evaluating various types of tro- 
car/cannulae systems, the author’s preference is for ^e Innerdyne 
(Innerdyne, Inc., Sunnyvale, CA) system. This is ideal for endolumi- 
nal work. 

a. Make a small gastric perforation with a straight electrosurgical 
needle in the cutting mode. 

b. Place a Veress needle through the abdominal wall of the left up- 
per quadrant and into the stomach via the small perforation. 

c. Insert the nonexpanded polymer sheath over the Veress needle 
(Fig. 21.2). 




Figure 21.1. Trocar sites for endoluminal gastric surgery. The laparoscope is 
first placed through an umbilical port and initial inspection of the peritoneal 
cavity performed. The two additional left upper quadrant trocars are placed 
under direct vision and an operating laparoscope passed into the stomach via 
the 1 1-mm port. The 5-mm port is an additional intragastric operating port. 
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Figure 21.2. Insertion of the Innerdyne gastric cannula into inflated stomach. 
Thereafter, the radially expandable polymer sheath is stretched by an 1 1 .0-mm 
port for intragastric insertion of the operating laparoscope. 



4. Place a second 5.0-mm cannula, more lateral and cephalad than the 
operating laparoscope port. 

5. The ‘second’ assisting instrument is provided by the instruments 
passed through the channel of the flexible endoscope, operated by a 
trained flexible endoscopist. The completed setup is shown in Fig. 




Figure 21.3. Access for endoluminal gastric surgery. 
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6. Surgery is then performed within the lumen of the stomach. Instru- 
ments passed through the operating channel of the laparoscope and 
the second port are used to elevate, resect, and suture as needed. At 
the conclusion of the case, instruments are withdrawn and the two 
holes in the stomach are closed. 



E. Laparoscopic Gastric Resection 

1 . Place the laparoscope through an umbilical trocar. The author favors 
a 30-degree forward-oblique viewing laparoscope; others prefer a 0- 
degree laparoscope. 

2. Place three additional ports as shown in Fig. 21.4. 




Figure 21.4. Port sites for laparoscopic gastric resections. 
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3. If the resection is planned for gastric cancer, first assess resectabil- 
ity. Fixation of the tumor to the pancreas and celiac axis indicates 
inoperability. Hepatic metastases or peritoneal deposits confirm in- 
curability, but do not preclude palliative resection unless there is ex- 
tensive involvement. 

4. Laparoscopic distal partial gastrectomy is performed for intracta- 
ble ulcer disease and for early distal gastric cancer. In the latter in- 
stance the duodenal bulb, greater omentum, and level 1 lymph nodes 
(lesser and greater curvature, infra- and suprapyloric nodes) are in- 
cluded in the resection. 

a. Begin mobilizing the greater curvature by proximal stapler 
transection of the gastroepiploic vessels. Continue the mobiliza- 
tion toward the duodenum. 

b. Divide adhesions between stomach and lesser sac with scissors. 

c. The author prefers to ligate the right gastroepiploic artery as it 
comes off the gastroduodenal, but some double clip this vessel 
before division. 

d. In cancer cases, the mobilization is different and consists of de- 
tachment of the greater omentum from the transverse colon and 
mesocolon until the greater curvature of the stomach is reached. 
This detachment requires traction of the transverse colon by an 
atraumatic grasper by the assistant and is performed either with 
electrocautery scissors or with the harmonic scalpel. The right 
gastroepiploic artery is secured as outlined previously. 

e. Next pass a vascular sling along the posterior aspect of the 
stomach and then through an avascular window in the lesser 
omentum. Use this sling to pull the stomach up and away from 
the lesser sac and pancreas (Fig. 21.5). 

f. Dissect and expose the right gastric artery from behind the 
stomach and secure it high up at the origin from the hepatic ar- 
tery (especially in cancer cases, to ensure removal of the supra- 
pyloric nodes). The author prefers ligature with an external slip- 
knot but others clip the artery before division. 

g. Mobilization of the duodenal bulb is needed in cancer cases. 
Secure the paraduodenal veins and divide fibrous attachments 
between the first part of the duodenum and the head of the pan- 
creas. 

i. Billroth II: Divide the duodenum with an endoscopic lin- 
ear stapler well beyond the pylorus. Carefully inspect the 
staple line and reinforce it with interrupted sutures when 
necessary. 

ii. Billroth I: Maintain duodenal continuity until the stomach 
is ready for resection. 

h. Ligation of the left gastric vessels in continuity. The easiest 
and safest technique is to visualize the fold of the left gastric 
vessels as the stomach is pulled away from the retroperitoneum, 
and then to under-run this fold containing the vessels with a 0 
suture, which is then tied intracorporeally in continuity. This 
completes the devascularization of the stomach. 
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Figure 21.5. Sling retraction of the stomach. 



i. Gastric resection: Select the proximal transection site. Clear 
the appropriate sites on the greater and lesser curves of fat and 
blood vessels. 

i. Billroth II: Transect the stomach vertically from the 
greater to the lesser curvature, using the endoscopic linear 
stapler. Usually, three applications of the 3.0-cm endo- 
scopic linear stapler (blue cartridge) are necessary. Remove 
the specimen through a protected upper midline minilapa- 
rotomy. 

ii. Billroth I: Make the first application of the endoscopic 
stapler vertically from the lesser curvature. The second and 
third applications are at an angle to the first application so 
that the transection line reaches the lesser curvature more 
proximally (Fig. 21.6). Divide the duodenum just beyond 
the pylorus with cutting electrocautery. Remove the speci- 
men through a small midline laparotomy. 

Laparoscopic total gastrectomy (total R1 gastrectomy) is usually 
performed for early cancers in the middle and upper third of the 
stomach and for gastric lymphomas. The technique is similar to that 
for laparoscopic distal gastrectomy with these important differences: 
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Figure 21.6. Stapler transection of proximal stomach for (a) Billroth II and (b) 
Billroth I gastrectomy. 



a. Mobilization of the greater curvature: This involves detach- 
ment of the entire greater omentum from the transverse colon/ 
mesocolon and is the most laborious part of the procedure. 

i. Apply downward traction on the transverse colon with a 
large atraumatic forceps. This is crucial. 

ii. Separate the greater omentum along a line extending from 
the right side (duodenum and hepatic flexure) to the infe- 
rior pole of the spleen and adjacent left paracolic gutter. 

iii. Transect the short gastric vessels using an endoscopic lin- 
ear stapler (vascular cartridges) with preservation of the 
spleen. 

iv. On the right side, the right gastroepiploic vessels and the 
right gastric artery are ligated or clipped as described in the 
section on distal gastric resection. 

b. Division of lesser omentum should be as cephalad as possible, 
and extends from the divided right gastric vessels up to the left 
gastric vessels. Some small vessels in the lesser omentum may 
need to be coagulated. 

c. Elevate the stomach with a vascular sling as previously de- 
scribed. 

d. Hiatal dissection with mobilization of the abdominal esopha- 
gus and bilateral truncal vagotomy: 

i. Begin this dissection on the left with division of the gastro- 
phrenic peritoneal reflection and blunt separation of the 
posterior aspect of the esophagogastric junction from the 
left crus until the hiatal canal is entered from the left side. 
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ii. Then move to the right side, medial to the left gastric ves- 
sels with separation of the right crus from the esophagus to 
access the hiatal canal and mediastinum from the right side. 

iii. Identify the plane between the posterior wall of the esopha- 
gus and the preaortic fascia and dissect bluntly behind the 
esophagus until the left crus is reached. 

iv. Pass a sling around the mobilized esophagus and pull the 
esophagus away from the mediastinum. Complete the pos- 
terior separation of the esophagogastric junction. 

V. Identify and divide the posterior vagus between the lower 
end of the right crus and the right edge of the esophagus. 
Similarly, identify and divide the anterior vagal trunk. Va- 
gal division allows the surgeon to pull more of the medias- 
tinal esophagus into the peritoneal cavity. 

e. Dissection of the celiac axis with division of the left gastric 
artery at its origin and division of the left gastric (coronary) 
vein: 

i. Use the sling to retract the esophagogastric junction down- 
ward and to the left, and gently depress the superior margin 
of the pancreas. 

ii. Dissect carefully with scissors until the origin of the left 
gastric artery is identified without any doubt. The safest 
method of securing the left gastric artery is double ligation 
with external slip knots (using braided 1/0 ligatures) in 
continuity before the artery is divided (proximal to any 
lymph node mass). Other surgeons clip the artery but the 
author does not consider this to be safe. Often, there is in- 
sufficient space behind the artery to introduce the limb of 
the endoscopic linear stapler. 

f. Ligature (or clipping) of the right gastric artery: This step is 
identical to that used in distal gastric resections. 

g. Duodenal mobilization and transection: This step is identical 
to that used in distal gastric resections. At this stage the com- 
pletely mobilized stomach (with greater omentum) is only at- 
tached to the esophagus. 

h. Proximal transection, removal of specimen and reconstruc- 
tion through upper midline minilaparotomy: After the crea- 
tion of the minilaparotomy, a noncrushing clamp is placed over 
the esophagus, some 2.5 cm proximal to the transection site, the 
esophagus is divided, and the specimen removed through the 
protected wound. 

i. Reconstruction after laparoscopic gastrectomy can be per- 
formed intracoporeally (by staplers, suturing, or both) or through 
an upper midline minilaparotomy following the completed mo- 
bilization (open). In the latter instance, the protected minilapa- 
rotomy serves as the route for extraction of the resected speci- 
men. The author rarely performs intracorporeal reconstruction 
except in palliative distal gastrectomy for incurable cancer with 
closure of duodenal stump and an antecolic stapled gastro- 
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jejunostomy. The reason for this change in practice is the poor 
functional results after intracorporeal reconstruction of the upper 
gastrointestinal tract, with open revision for postgastric symp- 
toms being required in 5 out of 19 patients. Open reconstruction 
saves time and permits a more functional anastomosis. 

6. Reconstruction after distal gastrectomy for cancer (Billroth II) is 
best performed with an open Roux-en-Y anastomosis through the 
minilaparotomy. 

7. Reconstruction after distal gastrectomy for benign disease (Bill- 
roth I); the author’s preference is for a sutured gastroduodenostomy 
through a minilaparotomy. 

8. Reconstruction after total gastrectomy for cancer: place a purse- 
string suture (2-0 prolene) at the cut end of the esophagus. Introduce 
the anvil of the circular stapler into the lumen of the esophagus and 
tie the purse string over the stem. A classical Hunt-Lawrence Roux- 
en-Y is created from the upper jejunum using established open surgi- 
cal technique for this procedure. The pouch is then stapled to the 
esophagus in standard fashion. 



F. Complications 

1 . Laparo-endoluminal resections 

a. Bleeding requiring transfusion occurred in one case (out of 10) 
in the author’s experience. 

b. Other possible complications include unrecognized or delayed 
gastric perforation (excessive electrocutting/coagulation with 
collateral damage) at the site of local submucosal excision. In 
full-thickness local resections, suture line leakage is also possi- 
ble. 

2. Laparoscopic partial or total gastrectomy 

a. Pneumothorax can occur if the pleura is damaged during mo- 
bilization of the mediastinal esophagus. Carbon dioxide then in- 
sufflates into the pleural space and tension pneumothorax re- 
sults. Placement of a chest tube corrects the cardiopulmonary 
compromise but may cause desufflation of the pneumoperito- 
neum through the chest drain. If this happens, intermittent oc- 
clusion of the chest drain allows completion of the operation. 

b. Bleeding from suture line: in our experience postoperative 
oozing from intracorporeally stapled gastrojejunal anastomosis 
is not uncommon (18%), may require transfusion, and generally 
stops. It is less frequent (5%) after hand-sutured anastomosis. 

c. Anastomotic leak results in a localized collection in the supra- 
colic compartment with fever and leukocytosis. Drainage is re- 
quired (open or percutaneous) and is often followed by an exter- 
nal fistula. Intravenous hyperalimentation is needed until closure 
of the fistula. 
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d. Pancreatic injury: this usually declares itself in the postopera- 
tive period with ileus, pain, and hyperamylasemia. The pancrea- 
titis may be severe and necrotizing. 

e. Poor functional result is common (25%) after intracorporeal 
reconstruction. The most common problems are vomiting and 
bile reflux. 
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22. Laparoscopic Bariatric Surgery 



James W. Maher, M.D., F.A.C.S. 
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A. Introduction 

The 1991 National Institutes of Health Consensus Conference on Surgery 
for Severe Obesity concluded that vertical banded gastroplasty (VBG) and 
Roux-en-Y gastric bypass (RGB) were both safe and effective therapies in 
producing sustained weight loss. The advantages of adapting minimally inva- 
sive surgical techniques to surgery for severe obesity are many; however, the 
technical challenges in severely obese individuals are formidable. Increased 
resting intra-abdominal pressure, difficulty in establishing adequate working 
space, inability to work with standard length instruments, and fat deposits that 
obscure anatomic landmarks all contribute to the challenge. While Chapter 
10.1, Massive Obesity, gives some technical advice for performing laparo- 
scopic surgery in the morbidly obese patient, laparoscopic surgery for severe 
obesity is currently in the developmental stages and will undoubtedly evolve 
further as problems are recognized and solved. 

At present, laparoscopic surgery for severe obesity is limited to three op- 
erations: laparoscopic VBG, laparoscopic RGB, and the laparoscopic adjustable 
gastric band. The laparoscopic gastric band is an investigational device and will 
not be addressed in this chapter. None of these operations has published long- 
term results, and it is not justified to assume that the results of these laparo- 
scopic adaptations will be similar to the results of open surgery until long-term 
follow-up is published in peer-reviewed journals. The technique of laparo- 
scopic VBG and RGB will be briefly described, as they are currently performed 
in bariatric surgery centers. These procedures are presently investigative. The 
instrumentation for laparoscopic bariatric surgery needs improvement. The 
complication rates and efficacy of these procedures awaits the accumulation of 
prospective data by experienced bariatric surgeons. 



B. Technique of Laparoscopic Vertical Banded 
Gastroplasty 

1 . Five trocars are used: 

a. Right subcostal 

b. Left subcostal 

c. Left upper quadrant, just to the left of xiphoid 

d. Right upper quadrant, just to right of linea alba 
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e. Midline, approximately one third of the distance from umbilicus 
to xiphoid 

2. Place a liver retractor through the right subcostal port. Expose the 
esophageal hiatus and the esophagogastric junction. 

3. Place the patient in reverse Trendelenburg position to allow gravity to 
aid in retraction of the fatty omentum from the left upper quadrant. 
Retract the omentum downward with forceps introduced through the 
left subcostal port. 

4. Begin the dissection by opening the gastrophrenic ligament at the an- 
gle of His. Bluntly dissect the fundus downward. 

5. Open the gastrohepatic ligament at the bare area near the caudate 
lobe of the liver and obtain access to the lesser sac. 

6. Beginning immediately below the left gastric vessels, create a tunnel 
behind the stomach, through the lesser sac, to communicate with the 
opening in the gastrophrenic ligament. 

7. Mark a spot on the anterior gastric wall 4 cm down from the angle of 
His and 3 cm from the lesser curvature, using electrocautery. This 
point will be the center of the window through the anterior and poste- 
rior walls of the stomach. 

8. Make an opening in the gastrohepatic ligament 4 cm down from the 
esophagogastric junction at the lesser curvature, medial to the nerve 
of Latarjet. Secure the dissected tract for later identification using a 
polypropylene mesh band 7.5 cm long and 1.5 cm wide. 

9. Replace the left upper quadrant port with a 33-mm port. Pass a 
straight Keith needle attached to a heavy suture through both anterior 
and posterior stomach at the site previously marked for the center of 
the circular staple line. Thread the portion of the suture posterior to 
the stomach through the hole in the conical end of the shaft of the 
stapler. This is then used to deliver the 25 mm wide anvil of the cir- 
cular stapler into the peritoneal cavity. 

10. Hold the anvil with a modified Allis clamp entering through the mid- 
line port. Use a Babcock forceps, introduced through the right upper 
quadrant port, to elevate the stomach for better visualization and ac- 
cess to the lesser sac. 

11. Push the plastic trocar with the attached anvil through both gastric 
walls to exit through the previously marked spot on the anterior sur- 
face of the stomach using the attached suture to ensure passage of the 
shaft at the correct point (Fig. 22.1). Secure the shaft of the anvil, at 
the point where it penetrates the anterior gastric wall, with a modified 
Allis clamp. Remove the plastic trocar from the anvil. 

12. Pass the circular stapler into the abdomen through the left upper 
quadrant port and mate it with the anvil. 

13. Have the anesthesiologist pass a 9-mm bougie through the mouth into 
the stomach. Direct this bougie along the lesser curvature to secure 
the outlet channel before firing the circular stapler. 

14. Withdraw the circular stapler and inspect the window. Ligate any 
bleeding vessels with absorbable sutures. 
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Figure 22. 1 . A. A Keith needle with attached suture is passed through the ante- 
rior and posterior stomach walls at the previously marked spots. B. The anvil of 
the circular stapling device is passed behind the stomach and guided into posi- 
tion using the suture. C. The suture is pulled through the stomach and the anvil 
follows the path of the suture. 
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15. Replace the 10-mm left subcostal port with an 18-mm port for deliv- 
ery of the 60-mm noncutting linear stapler. Introduce a Babcock for- 
ceps through the midline port and direct it through the circular win- 
dow, lesser sac, and angle of His to define the tract for passage of the 
linear stapler. The jaws of the linear stapler must extend beyond the 
stomach at the angle of His. The vertical partition must be at the an- 
gle of His and include minimal fundus. This prevents pouch dilata- 
tion and reflux. Fire the stapler to create a partition of four rows of 
staples. 

16. Suture the polypropylene mesh band to itself with three nonabsorb- 
able 2-0 sutures. Trim any excess band. The outlet stoma should be 
1 1 mm in diameter. Cover the band with omentum to prevent adhe- 
sions to the underside of the liver, which can obstruct the outlet 
channel (Fig. 22.2). 




Figure 22.2. Completed vertical banded gastroplasty. 



C. Laparoscopic Vertical Roux-en-Y Gastric 
Bypass 

Gastric bypass introduces the variable of malabsorption to the concept of 
solid food restriction. Advantages of this procedure over vertical banded gas- 
troplasty include a 10-20% greater sustained weight loss, increased cosmetic 
benefit, and less difficult in eating solid food. The disadvantages include a 
higher mortality, interference with absorption of iron, calcium, and vitamin 
(imposing a lifelong requirement that these essential nutrients be supple- 
mented), difficult accessibility for radiographic and endoscopic examinations, 
and an increased lifelong risk of peptic ulceration and closed segment bowel 
obstruction. 
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Performance criteria include a 15- to 30-ml pouch along the lesser cur- 
vature with inclusion of minimal fundus, a Roux limb 40 to 60 cm long, and a 
gastrojejunostomy stoma diameter of 8 to 10 mm. 

1. Place trocars and begin the dissection by opening the gastrophrenic 
ligament at the angle of His and dissecting the fundus downward in 
the manner previously described for VBG. 

2. Pass a Baker tube into the stomach and evacuate the stomach. Inflate 
the balloon with 15 ml of air. Pull the balloon back against the eso- 
phageal hiatus. 

3. Create an opening through the gastrohepatic omentum at the lesser 
curvature, medial to the nerves of Latarjet, 5 cm down from the car- 
dioesophageal junction. The assistant should elevate the stomach to 
facilitate this maneuver. 

4. Transect the stomach with a series of applications of the EndoPath 
ELC 60-mm linear stapler directed cephalad to form a curvilinear 
staple line. Prior to transecting the stomach at the angle of His, re- 
move the Baker tube and pass perorally a 27 Fr Maloney dilator to 
maintain the patency of the cardioesophageal junction. The vertical 
pouch should be sufficiently large to accommodate the anvil of the 
Stealth 21 -mm circular stapler. 

5. Change the operating table to Trendelenburg position to retract the 
transverse colon and greater omentum toward the upper abdomen. 
Identify the proximal jejunum at the ligament of Treitz and transect it 
at a distance 12 cm distal to the ligament (with the ELC 60). Mark 
the proximal end with clips for easy identification. 

6. Make an anastomosis between the proximal duodenal limb and the 
enteral limb approximately 40 cm distal to the planned gastrojeju- 
nostomy with two applications of the ELC 35 linear stapler. Close the 
stapler defect with the ELC 60. 

7. Create an opening in an avascular portion of the transverse mesoco- 
lon just anterior to the ligament of Treitz and slightly to the right, 
thus entering the lesser sac. Pass an Articulating Dissector (Auto- 
mated Medical Products, New York, NY), loaded with a 6" silicone 
drain, behind the colon and stomach into the lesser sac. 

8. Suture the distal end of a Jackson-Pratt drain drain to the proximal 
end of the enteral limb, and use the drain to pull the small bowel 
through the mesocolon into the lesser sac. 

9. Place a 21 -mm Stealth stapler anvil into the proximal end of a spe- 
cially prepared nasogastric tube. Pass the distal end of the nasogastric 
(NG) tube through the mouth and into the gastric pouch. When the 
nasogastric tube reaches the staple line of the gastric pouch, make a 
small gastrotomy and pull the tip of the NG tube into the abdomen. 
Slowly advance the NG tube out of the abdomen via one of the tro- 
cars while the anvil is guided through the oropharynx under direct vi- 
sion. It is usually necessary to momentarily deflate the endotracheal 
tube balloon to allow the anvil to pass. Disconnect the nasogastric 
tube from the anvil. 
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10. Convert the left lateral port to a 33-mm port. Make an enterotomy in 
the jejunum and introduce the Stealth stapler. Maintain proper orien- 
tation of the bowel as the stapler is closed and discharged. 

1 1 . Withdraw the circular stapler and close the enterotomy with the linear 
stapler. Suture the anterior layer of the gastrojejunostomy with 2-0 
absorbable suture to decrease tension on the stapled anastomosis. 
Return the small bowel below the mesocolon without excess tension 
(Fig. 22.3). 




Figure 22.3. Completed Laparoscopic Roux-en-Y gastric bypass. 



D. References 

Henniford BT, lannitti DA, Area MJ, Garcia-Ruiz A, Shibuya K, Gagner M. Laparo- 
scopic isolated gastric bypass using a transoral/transesophageal technique for a sta- 
pled anastomosis. Scientific exhibit, 83*^ Annual Clinical Congress, American Col- 
lege of Surgeons, Chicago, Illinois, October 12-17, 1997. 

Lonroth H, Dalenback J, Haglind E. Vertical banded gastroplasty by laparoscopic tech- 
nique in the treatment of morbid obesity. Surg Laparosc Endosc 1996;6:102-107. 

Mason EE. Gastric surgery for morbid obesity. Surg Clin North Am 1992;72:501-513. 

Pories WJ, Swanson MS, MacDonald KG. Who would have thought it? An operation 
proves to be the most effective therapy for adult onset diabetes mellitus. Ann Surg 
1995;222:339-352. 




22. Laparoscopic Bariatric Surgery 253 



Sugerman HJ. Surgery for morbid obesity. Surgery 1993; 1 14:865-867. 

Wittgrove AC, Clark GW, Tremblay LJ. Laparoscopic gastric bypass, Roux-en-Y tech- 
nique and results in 75 patients with 3-30 months’ follow-up. Obesity Surg 
19%;6:500-504. 




23. Small Bowel Resection, 

Enterolysis, and Enteroenterostomy 



Bruce David Schirmer, M.D., F.A.C.S. 



A. Indications 

Laparoscopic small bowel resection has been used for essentially all 
situations for which a small bowel resection might otherwise be done via celi- 
otomy, where circumstances allow the favorable technical performance of the 
procedure using a laparoscopic approach. Specific indications include: 

1 . Inflammatory bowel disease (Crohn’s disease) 

2. Diverticula 

3 . Ischemia or gangrenous segment of bowel 

4. Obstructing lesions 

5. Stricture (postradiation, postischemic, etc.) 

6. Neoplasms (some controversy exists due to the concern about the ap- 
propriateness of laparoscopy for maximizing oncologic principles of 
resection of potentially curable malignant neoplasms, as with current 
concerns for colon carcinoma; these concerns stem from reports of 
port site tumor recurrences using this approach) 

Nonresectional laparoscopic small bowel procedures and their indications 
include laparoscopic enterolysis for acute small bowel obstruction, “Second 
look” diagnostic laparoscopy for possible ischemic bowel, and laparoscopic 
palliative enteroenterostomy for bypassing obstructing nonresectable tumors. 



B. Patient Positioning and Room Setup 

1. Position the patient supine. Tuck the arms, if possible, to create more 
space for surgeon and camera operator. 

2. TTie surgeon should stand facing the lesion: 

a. on the patient’s right for lesions in the patient’s left abdominal 
cavity or those involving the proximal bowel 

b. on the patient’s left for lesions in the patient’s right abdominal 
cavity, or those involving the terminal ileum. 

3. The camera operator stands on the same side as the surgeon. 

4. The assistant stands on the opposite side as the surgeon. 

5. Two monitors should be set up if lesion location is in doubt or there 
is likelihood the lesion may be manipulated from side to side within 
the peritoneal cavity. Monitors should be near the left shoulder and 
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near either the right shoulder or right hip. Under some circumstances 
a single monitor, placed opposite the surgeon, will suffice. 

6. Follow the basic principles of laparoscopic surgery setup: the surgeon 
should stand in line with the view of the laparoscope, and have within 
comfortable reach a port for each hand. The monitor should be di- 
rectly opposite the surgeon and facing the line of view of the tele- 
scope. 

7. An ultrasound machine with laparoscopic probe should be available 
for use if a condition such as intestinal ischemia or neoplasm (re- 
quiring hepatic assessment) is encountered. 



C. Trocar Position and Instrumentation 

1 . Place the initial trocar in the umbilical region and insert the laparo- 
scope. See Chapters 4, Access to Abdomen, and 10.3, Previous Ab- 
dominal Surgery for tips on gaining access in the previously operated 
or difficult abdomen. Look at the intestine and determine whether the 
lesion is proximal or distal in the small bowel, and which is the best 
position from which to perform the resection. 

2. For distal intestinal lesions: 

a. Place the monitor by the patient’s right hip. 

b. Place additional trocars in the right upper quadrant and lower 
midline (10-12 mm), and left abdomen just below the level of 
the umbilicus and near the cecum (5 mm or larger, depending 
upon instruments) (Fig. 23.1 A). 

3. For proximal intestinal lesions: 

a. Place the monitor near the left shoulder. 

b. The surgeon stands near the right hip. 

c. Place large (10-12 mm) trocars in the right upper and left lower 
quadrants. Additional trocars are placed in the left upper quad- 
rant and right mid abdomen, slightly above the level of the um- 
bilicus, as needed (Fig. 23. IB). 

4. An angled (30 or 45 degree) laparoscope gives the best view of the 
small bowel mesentery and is much preferred over a 0 degree scope. 

5. Other essential equipment includes atraumatic graspers for safely 
handling the bowel. Laparoscopic intestinal staplers, both linear di- 
viding [gastrointestinal anastomosis (GIA)-type] and linear closing 
(TA-type) greatly facilitate anastomosis. Mesenteric division may be 
accomplished using a combination of vascular endoscopic staplers, 
clips, and Boeder loops, or using the ultrasonic scalpel. The latter is 
also quite helpful for initial dissection of the mesentery and division 
of the nonmajor mesenteric vessels. Laparoscopic scissors with at- 
tachment to monopolar cautery are also useful in performing enter- 
olysis when that is required. 




256 



Bruce David Schirmer 




Figure 23.1. Suggested trocar placement for resection of distal small bowel 
lesions. Trocars #4 and 5 are per the surgeon’s preference. For a more proximal 
lesion, move the left lower quadrant trocar to the left upper quadrant. Once 
again, trocars #4 and 5 are per the surgeon’s preference. 



D. Technique of Small Bowel Resection 

Because of the potential for multifocal lesions or unsuspected disease in 
other segments, small bowel resection should be preceeded by a thorough ex- 
ploration and visualization of the entire small bowel, where this is feasible. If 
preoperative studies localize a lesion well, and there are extensive adhesions 
which preclude "running" the entire small bowel, then this rule may not apply. 

1 . Laparoscopic-assisted small bowel resection 

a. Let gravity assist in visualizing the bowel. 

i. Use initial Trendelenburg position. Locate and grasp the 
transverse colon and maintain upward traction. 

ii. While maintaining upward traction, change the position to 
reverse Trendelenburg. The small intestine will slip down, 
away from the transverse colon, allowing identification of 
the ligament of Treitz. 

b. Run the small intestine between a pair of atraumatic bowel 
clamps or endoscopic Babcock clamps. Identify the segment to 
be resected. Lyse adhesions to surrounding loops of bowel (see 
Chapter 10.3, Previous Abdominal Surgery). 
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c. Mark and suspend the section of bowel by placing traction su- 
tures through the mesentery just below the mesenteric side of the 
bowel at the proximal and distal points of intended resection. 

i. These sutures are most easily placed by using large straight 
needles passed through the abdominal wall, through the 
mesentery, and back through the same area of abdominal 
wall, thereby suspending the bowel near the anterior ab- 
dominal wall. 

ii. This suspends the segment of small bowel like a curtain 
(Fig. 23.2). 

iii. Silastic vessel loops may be used if preferred, but must be 
passed through trocars. 

iv. Choose the site for suspension near one of the large size 
trocars, which will be enlarged for extracorporeal anasto- 
mosis. 

d. Score the peritoneum overlying the mesentery, on the side fac- 
ing the surgeon, with scissors or ultrasonic scalpel along the line 
of intended resection. This outlines the V-shaped part of small 
bowel and mesentery that will be resected. Make the V just deep 
enough for the intended purpose (for example, wide mesenteric 
excision is appropriate when operating for cancer, but unneces- 
sary when a resection is performed for a benign stricture). 

e. Next, divide the mesentery along one vertical limb using the ul- 
trasonic scalpel, placing additional clips or ligatures if needed to 
control bleeding, or for added security for large transverse 
crossing vessels. 

f. Divide the vascular pedicle between ligatures, using the endo- 
scopic linear stapler, or with the ultrasonic scalpel (for vessels 
less than 4 mm in size). 

g. Divide the bowel at the site of mesenteric division using the en- 
doscopic stapler with the intestinal size (usually 3.5 mm) sta- 
ples. The end of the bowel is now free for removal through the 
abdominal wall. 

h. Grasp the divided bowel end just proximal to the stapled divi- 
sion with an atraumatic grasper, for easy subsequent identifica- 
tion. Do the same with the distal end. 

i. Enlarge the adjacent trocar site (usually to around 4 cm) to allow 
removal of both ends of bowel. Eliminate the pneumoperito- 
neum and pull the end of the segment to resected (and associated 
mesentery) out through the incision. Use wound protection if 
neoplasm is suspected (Fig. 23.3). 

j. Divide the remaining portion of scored mesentery extracorpore- 
ally using a standard technique* Divide the bowel extracorpore- 
ally using an intestinal stapler. 
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Figure 23.2. The small bowel segment chosen for resection has been suspended 
by traction sutures passed through the anterior abdominal wall. This facilitates 
subsequent dissection of mesenteric vessels and provides retraction without 
additional graspers or trocars. 




Figure 23.3. External view of exteriorized segment of small intestine prior to 
resection. Note wound protector. 
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g. Use the traction sutures to inspect the anastomotic staple line for 
bleeding. Control any bleeding sites with intracorporeally placed 
figure-of-8 sutures of absorbable suture material along the staple 
line. 

h. Close the enterotomies with an endoscopic linear stapler. 

i. Place three traction sutures (one at each end and one in the 
middle) to approximate the enterotomy and elevate the 
edges. 

ii. Place the endoscopic TA stapler just beneath the cut edges. Be 
careful to ensure that both edges are completely enclosed 
within the stapler, but avoid including excessive amounts of 
the bowel (which can narrow the enteroenterostomy). 

iii. Fire the stapler and remove excess tissue from the staple line 
using scissors. 

iv. Alternatively, the defect from the stapler may be closed using 
one or two layers of interrupted sutures. These sutures are best 
placed and tied in an intracorporeal fashion, since extracorpo- 
real tying may place excessive tension on the suture as the 
knot pusher is being advanced. 

V. A mnning suture line may be used as an alternative, but the 
surgeon must take great care to maintain the appropriate de- 
gree of tension on the suture line as subsequent sutures are 
placed. This also requires an intracorporeal technique. 

i. Close the mesenteric defect with interrupted sutures, carefully 
placed in a superficial fashion (so as not to injure the blood sup- 
ply)- 



E. Technique of Enterolysis 

Enterolysis is performed for acute small bowel obstruction or as an initial 
step in performing any intra-abdominal laparoscopic procedure where previous 
adhesions preclude adequate visualization or access to abdominal organs. Each 
procedure is different, but here are some general rules, followed by details of 
the technique for enterolysis in the presence of small bowel obstruction. Addi- 
tional information is given in Chapter 10.3, Previous Abdominal Surgery. 

1. Use laparoscopic scissors to sharply lyse adhesions between the in- 
testine, omentum, other viscera, and abdominal wall. 

2. Use atraumatic graspers to carefully grasp the viscera or omentum, 
providing traction and assisting in division. Do not rely simply on 
traction to tear adhesions, as damage to viscera or bleeding may re- 
sult. 

3. The main precaution to take against visceral damage is adequate 
visualization of all surfaces to be cut before actual division with the 
scissors. 

4. It may be necessary to reposition the laparoscope to begin work in an 
area of limited adhesions, then move into others areas as exposure is 
obtained. 




23. Small Bowel Resection, Enterolysis, and Enteroenterostomy 259 



k. Remore the other end of the bowel through the incision and per- 
form an extracorporeal anastomosis with a stapler (functional 
end-to-end, Fig. 23.4) or by hand suturing. 

l. Close the mesenteric defect extracorporeally (if possible) or in- 
tracorporeally after reestablishment of pneumoperitoneum (see 
below). 

m. Return the reanastomosed bowel to the peritoneal cavity. Close 
the small incision in layers, and then reestablish the pneumo- 
peritoneum, confirm hemostasis, and inspect the bowel anasto- 
mosis. Perform any additional mesenteric suturing needed at this 
time. 

2. Laparoscopic small bowel resection. The totally laparoscopic tech- 
nique uses an intracorporeal anastomosis. Begin as outlined in Steps 

l.a. through l.d. above. 

a. Divide the remaining mesentery to completely devascularize the 
segment to be resected. 

b. Use a laparoscopic stapler loaded with the 3.5-mm staples to di- 
vide the bowel at the proximal and distal points of resection. 

c. Enlarge a trocar site, using wound protection as needed, and re- 
move the specimen. Close the trocar site and re-establish pneu- 
moperitoneum. 

d. Align the divided bowel ends with stay sutures placed through 
the antimesenteric surface of the bowel just proximal and distal 
to the intended anastomosis. 

e. Cut off a comer from the staple line of each segment, then pass 
one limb of the endoscopic gastrointestinal stapler into each en- 
terotomy, approximating the segments. Close the stapler and 
verify correct alignment. 

f. Fire the stapler and remove it. 




Figure 23.4. Construction of an extracorporeal stapled anastomosis using a 
linear endoscopic stapler. The jaws of the stapler are being advanced into small 
enterotomies. Traction sutures help steady the bowel in position. 
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5. Enterolysis for acute small bowel obstruction 

a. The usual limiting factor is bowel distention. A laparoscopic ap- 
proach is feasible only if distension is not excessive. 

b. Use the Hasson technique to place the first trocar. 

c. Trace the bowel from the area of proximal distention to the tran- 
sition point, identifying the site of obstruction and the distal de- 
compressed bowel. 

d. Sometimes it is easier to work retrograde from the decom- 
pressed area. In any case, a clear transition point should be 
identified and freed, if possible. 

e. Finally, perform full examination of the entire small intestine if 
at all possible. 



F. Technique of Enteroenterostomy 

The performance of an enteroenterostomy essentially mimics the anasto- 
motic portion of small bowel resection. In most cases, the anastomosis will 
need to be performed intracorporeally, since mobilization of both bowel seg- 
ments proximal and distal to the obstructing point will usually be technically 
difficult. In addition, the proximal bowel is often dilated and not amenable to 
exteriorization through a limited size incision. The anastomosis may be per- 
formed using a stapled or a sutured technique. 

1 . Stapled enteroenterostomy 

a. Define the segments of bowel proximal and distal to the ob- 
struction point and mobilize these sufficiently to approximate 
without tension. 

b. Place traction sutures to maintain alignment. Do not tie these, as 
bowel mobility facilitates insertion of the endoscopic linear sta- 
pler. 

c. Make an enterotomy in each segment of bowel. Suction enteric 
contents and contain spillage as much as possible. 

d. Insert one limb of the endoscopic linear stapler into each enter- 
otomy. Close the stapler and verify good alignment. Fire the sta- 
pler to create the anastomosis. Inspect the inside of the staple 
line for hemostasis, and close the enterotomies as previously 
outlined. 

e. Reinforce the comers of the GIA staple line, if necessary, with 
seromuscular interrupted sutures placed and tied intracorpore- 
ally. 

2. Hand-sewn enteroenterostomy 

a. Approximate the bowel as described above for stapled anasto- 
mosis. 

b. Perform a one- or two-layer anastomosis as per surgeon’s pref- 
erence. A standard two layer closure is feasible. All sutures 
should be placed and tied intracorporeally. (See Chapter 7, Prin- 
ciples of Tissue Approximation.) 
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G. Complications 

1 . Anastomotic leak 

a. Cause and prevention: Anastomotic leak most frequently re- 
sults from technical error, excess tension on the anastomosis, or 
poor blood supply to the anastomosis. A number of technical er- 
rors can occur: 

i. Incomplete closure of the enterostomies with the linear sta- 
pler. TOs is particularly likely if the two ends of the staple 
lines are apposed in the center rather than at the end points 
(resulting in poor tissue approximation at the double staple 
site). Prevent this by always placing these two staple lines 
at the two ends of the stapled enterotomy closure. 

ii. Similar technical problems can occur if the enterostomy is 
hand-sewn and the sutures are not placed carefully. 

iii. Take care that the anastomosed ends have adequate blood 
supply and are not under tension. Evidence of ischemia 
mandates further resection back to clearly well- 
vascularized intestine. Excessive tension requires mobili- 
zation of additional length of bowel. 

iv. Edematous bowel is best approximated by a hand-sewn, 
rather than a stapled, anastomosis. This may require an ex- 
tracorporeal technique 

b. Recognition and management: Maintain a high index of suspi- 
cion. A small leak may seal and present with minimal symp- 
toms. The more classic presentation includes postoperative fe- 
ver, abdominal tenderness, and leukocytosis. Treatment is based 
on the clinical condition of the patient. Small leaks occasionally 
seal, or manifest as low volume enterocutaneous fistulae through 
an abdominal wound. Favorable conditions (absence of distal 
obstruction, intravenous antibiotics, limiting oral intakes) may 
allow the situation to resolve without surgery. 

Clinical deterioration, sepsis, persistence of the fistula, high- 
volume or proximal location of the fistula, or the presence of 
conditions likely to prevent fistula closure (such as distal obstruc- 
tion, foreign body, or neoplasm) are all indications for reoperation 
as treatment for anastomotic leak. 

In general, suture closure of the leak will not work as the tissues are 
too edematous and friable to hold suture, and there is an intense lo- 
cal inflammatory reaction. Recurrence of the fistula is the norm 
when this is the treatment. Give strong consideration to proximal 
diversion of the enteric stream (through creation of an ileostomy or 
jejunostomy), or repair plus drainage of the fistula to control any 
likely postoperative leak. The former is more definitive and hence 
greatly preferred unless precluded by condition of the intestinal tis- 
sue itself (for example, intestinal loops virtually “frozen” by severe 
intra-abdominal adhesions). Proximal diversion may require 
placement of a feeding tube for administration of an elemental 
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formula or even total parenteral nutrition. Occasionally bypass of 
the leaking anastomosis may be feasible; adequate diversion of the 
enteric stream should be assured by this technique to prevent likely 
releakage. Do not attempt to restore intestinal continuity for at least 
3 months. It is prudent to wait longer if severe inflammation and 
adhesions were encountered at the second operation. These man- 
agement principles are no different from those followed when an 
open small bowel resection results in leak. 

2. Anastomotic stricture 

a. Cause and prevention: Anastomotic stricture is usually caused 
by one of three factors — technical error, ischemia, or tension on 
the anastomosis — probably in that order of frequency. 

i. The technical errors that most frequently result in anasto- 
motic stricture include creation of an inadequate size 
opening, including the opposite side of the bowel wall in a 
suture (thereby effectively closing the opening at that 
point), turning in too much bowel wall, incorporating ex- 
cess bowel wall in a staple enterotomy closure (hence nar- 
rowing the outflow), and creation of a hematoma at the 
anastomotic site (which may produce transient stenosis). 

ii. Prevent these errors through diligence and careful visuali- 
zation of tissues as sutures are placed. 

iii. In some situations it is possible to pass a dilator through the 
anastomosis to prevent inadvertent inclusion of the back 
wall in a suture when the front walls are being approxi- 
mated to complete the anastomosis. 

iv. Remember, during intracorporeal anastomosis it is not pos- 
sible to palpate the anastomosis to confirm patency. Exer- 
cise vigilance and inspect the anastomosis carefully. 

V. Ischemia results from resecting excess mesentery relative 
to the length of bowel wall resected, or from sutures placed 
in the mesentery to reapproximate it or control hemorrhage. 

vi. In situations where low flow states or thromboembolic 
events resulted in bowel ischemia requiring resection, the 
potential for anastomotic ischemia postoperatively remains 
high due to persistence of the conditions causing thrombo- 
embolic events or low-flow status. Prevention of this low 
flow state is often impossible as it usually results from in- 
trinsic cardiovascular disease and its complications. 

vii. Tension on the anastomosis will often result in leakage or 
complete disruption. When it does not, it may result in ex- 
cessive scarring and narrowing of the anastomotic lumen. 

b. Recognition and management: Recognize intraoperative tech- 
nical errors by vigilance and by testing the anastomosis for pat- 
ency afterward (milk succus or intestinal gas across the anasto- 
mosis and observe the result). If an error is recognized, redo the 
anastomosis. 

i. When anastomotic strictures are recognized during the 
postoperative period, the severity of obstructive symptoms 
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dictates whether reoperation and revision of the anastomo- 
sis is indicated. 

ii. Usually in this situation, a picture of mechanical postop- 
erative bowel obstruction arises. Confirm the site with 
contrast studies such as barium small bowel follow- 
through, but take care to avoid vomiting and aspiration. 
Confirmation of postoperative obstruction at the anasto- 
motic site demands reoperation and anastomotic revision. 

Intestinal ischemia, if recognized at the time of the original procedure, 
must be addressed by further resection of ischemic intestine and performance 
of an anastomosis only in well-vascularized bowel if the ischemia resulted from 
a technical error. Ischemia from low flow mandates careful correction of the 
underlying hemodynamic abnormality with optimization of cardiopulmonary 
status to prevent recurrence. A second-look procedure should be performed 24 
hours later. Depending on the severity of the condition and the potential for 
rethrombosis, primary anastomosis may be contraindicated and the patient bet- 
ter served by anastomosis at the time of second look. Alternatively, if a primary 
anastomosis was performed, the integrity can be assessed at the second look. 

Anastomotic tension is often appreciated at the time of anastomotic con- 
struction. If present, the anastomosis should be abandoned until adequate mo- 
bilization has been performed to allow construction without tension. If tension 
is unrecognized and anastomotic stricture results, reoperation is indicated if 
obstructive symptoms of significant severity arise, since they almost always 
will persist or worsen. 

3. Small bowel obstruction 

a. Cause and prevention: The majority of small bowel obstruc- 
tions occur as a result of postoperative adhesions. There is no 
certain way to avoid this problem, but limiting the amount of 
dissection and hemorrhage intraoperatively will usually limit the 
extent of postoperative adhesions. On occasion, a technical error 
will result in obstruction, such as failure to close a mesenteric 
defect with resultant internal herniation of bowel and obstruc- 
tion. 

b. Recognition and management: Bowel obstruction presents 
with the typical picture of nausea, vomiting, distention, and 
cramping abdominal pain. Radiographic confirmation is helpful. 
Partial small bowel obstruction, particularly in the early postop- 
erative period, is usually successfully managed with bowel rest, 
decompression, and intravenous fluid support until spontaneous 
resolution. In cases of significant mechanical small bowel ob- 
struction, surgical intervention is indicated. Reoperation should 
be done emergency if there is any concern that tissue compro- 
mise (strangulation obstruction) exists. 

4. Prolonged postoperative ileus 

a. Cause and prevention: Postoperative ileus is a normal response 
after abdominal surgery. While its severity is often lessened us- 
ing a laparoscopic approach, it nevertheless does occur, even if 
subtle enough to have few clinical manifestations. The etiology 
of postoperative ileus is unknown, as are factors that govern its 
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usual spontaneous reversal. Postoperative ileus is particularly 
likely in settings of ongoing intra-abdominal sepsis and inflam- 
mation, and should raise the suspicion of a postoperative infec- 
tion, particularly an anastomotic leak. 

b. Recognition and management: The signs and symptoms of 
postoperative ileus typically include lack of signs of intestinal 
peristalsis, abdominal bloating and distention, nausea, and vom- 
iting. The condition must be differentiated from mechanical ob- 
struction. Treatment for ileus is nonoperative and consists of in- 
travenous fluids and bowel rest until peristalsis begins. 
Prokinetic agents may, on occasion, be of some help in treat- 
ment. 

5. Hemorrhage 

a. Cause and prevention: Intra-abdominal hemorrhage almost al- 
ways arises as a result of technical error from inadequately se- 
curing vascular structures as they are divided. Less frequently it 
may arise as a result of delayed trocar-site bleeding. On occa- 
sion, it results from postoperative anticoagulation. Prevention of 
this problem relies on careful assessment of vascular structures 
for hemostasis intraoperatively, and use of appropriate ligature 
or hemostatic measures for vascular structures. Cautery is an in- 
adequate means of dividing significant-sized vessels. Instead, 
vascular staples, clips, or ligatures are required. The ultrasoni- 
cally activated scissors may be used to safely divide vessels up 
to 3 mm in diameter; larger ones require the above measures. 
Trocar sites should be checked for hemostasis as the pneumo- 
peritoneum is being decompressed and the trocars are being re- 
moved. Postoperative anticoagulation is rarely indicated for the 
first few days. If it is, care should be taken to administer heparin 
or Coumadin in conservative doses with careful monitoring of 
clotting parameters. 

b. Recognition and management: A drop in hematocrit, abdomi- 
nal distention, and hemodynamic instability with hypotension 
and tachycardia are the symptoms, either singularly or in combi- 
nation, that suggest postoperative hemorrhage. An abdominal 
wall hematoma may also be detected for trocar-site bleeding. 
Management is based on the severity of the problem: hemor- 
rhage of a significant enough quantity to cause hemodynamic 
instability requires reoperation, while a simple drop in hemato- 
crit of five points may be best treated conservatively with fluids 
and, if necessary, transfusions. The time course is also impor- 
tant: the earlier the problem arises after surgery, the more likely 
significant-sized vessels are involved and the more urgent the 
need for reoperation. 

Bleeding arising as a result of excessive anticoagulation should be treated 
by correcting the clotting factors, transfusion, and then determination if hemor- 
rhage is ongoing. If it is not, nonoperative treatment is indicated. 
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6. Inadvertent enterotomy (during enterolysis) 

a. Cause and prevention: Most enterotomies result from technical 
errors and are more likely in the previously operated abdomen or 
when extensive tumor is present (for example, carcinomatosis). 
Prevention involves careful sharp dissection in the proper plane. 
When extremely difficult dissection is encountered, consider 
converting to open laparotomy. 

b. Recognition and management: Usually a full-thickness enter- 
otomy is recognized at the time of surgery. Sutured repair is 
immediately indicated. When tissue quality precludes adequate 
repair and closure, a diverting ostomy or tube drainage via the 
site to create a controlled fistula may be the only options. When 
partial-thickness violation of the bowel wall has occurred but an 
enterotomy has not been done, attempt to ascertain the likeli- 
hood of the injured area converting to a full-thickness injury in 
the postoperative period. Many partial-thickness injures require 
suture reinforcement. Small deserosalized segments usually do 
not require such repair, and overzealous reinforcement of such 
areas may do more harm than good. This is no different than the 
open situation, but the laparoscopic surgeon may have greater 
difficulty judging the degree of injury. Delayed recognition of 
an enterotomy (in the postoperative period) is treated in the 
same manner as an anastomotic leak. 
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24. Placement of Jejunostomy Tube 



Bruce David Schirmer, M.D., F.A.C.S. 



A. Indications 

Placement of a jejunostomy tube is indicated in situations where the proxi- 
mal gastrointestinal system is unable to be used safely as a route for delivery of 
enteral nutrition, but intestinal function is otherwise unimpaired. Tube place- 
ment may be the sole indication for the operation, or may accompany another 
procedure. Where tube placement is the sole procedure, the indications include: 

1 . Documented gastroparesis with nutritional compromise 

2. Proximal gastrointestinal obstruction precluding percutaneous gas- 
trostomy placement 

3. Specific requirements for a jejunostomy rather than a gastrostomy, 
such as for the delivery of L-dopa to treat Parkinson’s disease (where 
the medication is less effective if exposed to an acid environment). 

Jejunostomy tube placement may also be incorporated as part of a larger 
operation. Common indications for its placement regardless of using celiotomy 
or laparoscopic approaches include: 

1. Major upper gastrointestinal reconstmction where postoperative anas- 
tomotic problem, if present, will preclude enteral feeding. Examples in- 
clude esophagogastrostomy, total gastrectomy, and pancreatico- 
duodenectomy. 

2. Operations to treat pancreatic or duodenal trauma, and severe pancreati- 
tis. 



B. Patient Positioning and Room Setup 

1. Position the patient supine. Place a monitor near the patient’s left 
shoulder. 

2. The surgeon stands by the patient’s right hip, with the camera opera- 
tor on the same side. The assistant may stand on the opposite side. 



C. Trocar Position and Instrumentation 

1. Place the initial trocar in the infraumbilical region. Where jejunos- 
tomy accompanies another procedure, this may already have oc- 
curred. 
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2. Place a second trocar in the left lower quadrant. This must be of suf- 
ficient size to allow intracorporeal suturing (10-12 mm, or smaller 
depending upon instrumentation and needle size. 

3. Place the final trocar in the right upper quadrant, not far from the 
midline, in a comfortable position for use by the surgeon’s left hand 
(Fig. 24.1). 

4. In addition to standard laparoscopic instruments, a 30-degree laparo- 
scope, two needle holders, and a pair of atraumatic bowel graspers 
are needed. 

5. A commercially available gastrostomy or jejunostomy kit is helpful. 
These consist of a Silastic catheter with an inflatable balloon, sepa- 
rate channels for decompression and feeding, and an outer bolster to 
secure it to the skin. Serial dilators and a percutaneous needle and 
guide wire for tube insertion via a Seldinger technique are also re- 
quired using the technique described here. 




Proposed 
J-tube sii© 



Figure 24.1. Trocar placement for laparoscopic jejunostomy. 



D. Technique of Jejunostomy Tube Placement 



1. As described in Chapter 23, initial Trendelenburg positioning with 
retraction of the transverse colon helps visualize the ligament of 
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Treitz. It is essential that clear identification of the proximal jejunum 
occur. 

2. Once the ligament of Treitz is seen, place the patient in slight reverse 
Trendelenburg to allow easier tracing of the bowel and the remainder 
of the distal intestine to fall away. Trace the proximal jejunum to a 
convenient point, usually 1 to 2 feet beyond the ligament, where the 
bowel can be elevated to touch the left upper quadrant abdominal 
wall. 

3. Determine the location for the tube site in the left upper quadrant 
(See Chapter 18, Laparoscopic Gastrostomy, for more information 
about tube siting.) 

4. Place four anchoring sutures in a diamond configuration around this 
site. The author uses 3-0 nylon suture on a straight needle to pierce 
the abdominal wall, and a laparoscopic needle holder to then pull the 
needle into the abdominal cavity. 

5. Take a seromuscular bite of the antimesenteric border of the intestine, 
in a position corresponding to the diamond configuration proposed 
for the suture placement (Fig. 24.2). 

6. Pass the needle out through the abdominal wall adjacent to its entry 
site. Do not tie these sutures at this point. 

7. Additional absorbable 3-0 braided sutures may be placed (and subse- 
quently tied intracorporeally) to anchor the bowel wall to the under- 
side of the abdominal wall and safeguard against leakage if desired. 




Figure 24.2. The anchoring sutures are being placed. The suture is passed 
through the abdominal wall, a seromuscular bite of intestine is taken, and the 
suture is then passed out of the abdomen. Four sutures are placed in a diamond- 
shaped configuration, providing both retraction and anchoring. 
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8. Insert the jejunostomy tube via a Seldinger technique. 

a. Pass the percutaneous needle through the abdominal wall in the 
center of the diamond configuration of anchoring sutures. 

b. Take care to position the bowel and advance the needle only far 
enough to penetrate into the lumen. Do not allow the needle to 
pierce the back wall. 

c. Pass the guidewire through the needle, into the lumen of the je- 
junum. Laparoscopic visualization of intestinal movement from 
wire manipulation is used to confirm the wire’s position within 
the lumen of the bowel. Turn the bowel and inspect it to confirm 
that penetration or injury to the back wall has not occurred. Re- 
positioning the laparoscope to the left lower quadrant trocar fa- 
cilitates this maneuver. 

d. With the guide wire in place, enlarge the skin site with a knife 
and pass serial dilators percutaneously to dilate the track for the 
tube (Fig. 24.3). Take care to avoid excessive passage of the stiff 
dilators into the jejunum; posterior bowel wall perforation may 
result. 

9. Once the largest of the dilators has been passed and withdrawn, pass 
the tube into the jejunum under laparoscopic vision, using the stent 
available in the kit (Fig. 24.4). Remove the stent. 




Figure 24.3. Passing one of the dilators through the abdominal wall and into the 
lumen of the jejunum. Care is taken to pass the dilator just into the lumen of the 
bowel (under visual laparoscopic control), and not so far as to risk posterior 
intestinal wall perforation. 
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Figure 24.4. Passing the Silastic feeding jejunostomy tube into the lumen of the 
jejunum and tying the sutures. 



10. Tie the anchoring sutures. If additional intracorporeal sutures are 
needed, these may be placed and tied at this point rather than earlier. 

1 1 . Inflate the balloon with 3 ml of saline. Overdistention of the balloon 
may cause intestinal obstruction. Position the catheter so that the 
balloon is snug against the abdominal wall within the lumen of the 
jejunum. 

12. Adjust the outer bolster to the skin level and secure it with nylon skin 
sutures. 

13. Test the catheter for ease of gravitational flow of saline into the jeju- 
num, and observe the resulting flow into the bowel with the laparo- 
scope. Methylene blue may be used if there is concern about leakage. 

14. Secure the four anchoring sutures without excessive skin trauma by 
passing the needle through a small cotton dissector roll, both before 
entering and after exiting the abdominal wall. This roll serves as a 
bolster to prevent skin damage from the suture (Fig. 24.5). 
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Figure 24.5. The abdominal wall upon completion of the procedure. The exter- 
nals and anchoring sutures are secured to the skin. 



E. Complications 

1 . Intestinal perforation 

a. Cause and prevention: Intestinal perforation may result if the 
guide wire or dilator are passed too far, injuring the back wall. 
Careful attention to technique as described should prevent this 
complication. 

b. Recognition and management: Intraoperative recognition is 
the goal; this requires careful intraoperative inspection of the 
posterior intestinal wall. Any injuries that are recognized need 
immediate suture repair and confirmation that the repair is wa- 
tertight. Absence of leakage of methylene blue from the repaired 
site provides good reassurance that the repair is sound. 

2. Intestinal obstruction 

a. Cause and prevention: The most common cause of postopera- 
tive intestinal obstruction is overinflation of the intraluminal 
balloon. Do not use more than 3 (or at most 4) ml of saline to 
prevent this problem. 

b. Recognition and management: Maintain a high index of suspi- 
cion for this problem. Balloon deflation is both diagnostic and 
therapeutic. 
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3 . Leakage from balloon site 

a. Cause and prevention: The most likely causes are inadequate 
fixation of the bowel to the abdominal wall or an unrecognized 
perforation. Prevention is through careful technique. 

b. Recognition and management: A high index of suspicion for 
this problem should occur when signs and symptoms of perito- 
nitis result postoperatively. A water-soluble contrast study 
through the tube is indicated to help determine if a leak is pres- 
ent. If the study is negative and strong suspicion still exists that 
the tube is the source of the peritonitis, reexploration is indi- 
cated. 

If a tube site leak is identified, it must be repaired operatively 
with sutures or even reconstruction if needed. On occasion, the leak 
may result from balloon deflation, and balloon reinflation to the ap- 
propriate size should be performed and the contrast study repeated to 
determine if the leak has been corrected. 

4. Dislodgment of catheter 

a. Cause and prevention: Most often this results when a disori- 
ented patient pulls on the tube. When the patient’s condition 
predisposes to such action, protect all but the very end of the 
tube under an occlusive dressing or abdominal binder. Make 
connections to external feeding or drainage tubes loose so that a 
pull on the tube results in disruption of the external connection 
rather than tube dislodgment. Careful intraoperative securing of 
the tube and postoperative protective dressing should prevent 
this problem. 

b. Recognition and management: Recognition is usually obvious 
clinically. Management depends on the time course after surgery 
and after tube dislodgment. In all cases, an attempt to replace the 
tube into the intestinal lumen should be made immediately. If 
this is felt to be successful, radiographic confirmation of correct 
tube positioning and absence of tube site leak is mandatory in 
the first 10 days after surgery or if question as to tube position 
remains at any time thereafter. If the tube cannot be replaced, 
and the patient is less than 10 days from tube placement, emer- 
gent reoperation for tube replacement and to prevent potential 
intraperitoneal contamination is indicated. If the tube has been in 
place for more than 10 days, elective reoperation to replace it 
may be performed. 
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25. Laparoscopic Appendectomy 



Keith N. Apelgren, M.D. 



A. Indications 

1. Laparoscopic appendectomy is indicated when acute appendicitis is 
suspected. It is especially helpful in the obese patient, in young 
women, or when the diagnosis is in doubt. 

2. Laparoscopic removal of the normal appendix is indicated if the indi- 
cation for the procedure was right lower quadrant pain. 

3. Incidental laparoscopic appendectomy (i.e., as part of laparoscopic 
cholecystectomy) is not generally indicated. 



B. Patient Position and Room Setup 

1 . Position the patient supine. 

2. Some surgeons prefer to use the lithotomy position in women. This 
allows access to the perineum so that a cervical manipulator may be 
used to elevate and provide better visualization of the pelvic organs. 

3. Tuck the patient’s arms at the sides. This is extremely important to 
allow sufficient room for the assistant and camera operator to move 
cephalad as required. 

4. The surgeon stands on the patient’s left side. 

5. Place the monitors at the patient’s hip on the right and left. 



C. Trocar Position and Choice of Laparoscope 

1. Place the initial 10-mm trocar at the umbilicus. Use a 0-degree tele- 
scope for visualization. 

2. Place the second 5-mm trocar in the right upper quadrant. (RUQ) to 
accommodate a grasping instrument. A 10-mm trocar may be needed 
to accommodate an endoscopic Babcock clamp. This trocar must be 
placed far enough from the appendix to allow sufficient working dis- 
tance. Occasionally it will need to be placed in the right mid- 
abdomen or even right lower quadrant. 

3. The third trocar is usually a 12-mm trocar inserted in the left lower 
quadrant, if the endoscopic linear stapler is to be used, or a 5- or 10- 
mm trocar if clips or ultrasonic scalpel will be employed. Place this 
trocar lateral to the rectus muscle to avoid injury to the inferior epi- 
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gastric vessels. Placement in the midline suprapubic area may not 
allow enough working space for the endoscopic stapler. 

4. A fourth trocar may be necessary to assist in grasping or dissecting 
the appendix (Fig. 25.1). 




Figure 25.1. Trocar placement for laparoscopic appendectomy. The laparo- 
scope is inserted through an umbilical port. A second trocar (5 or 10 mm) is 
placed in the right upper quadrant and used to elevate the appendix. The third 
trocar is the working port and should be placed on the left side, beyond the 
border of the rectus muscle. Placement through the rectus muscle risks injury to 
the inferior epigastric vessels with subsequent bleeding, and should be avoided. 



D. Performing the Appendectomy 

1. Place the patient in steep Trendelenburg position to allow the intes- 
tines to slide out of the pelvis and perform a thorough exploration to 
confirm the diagnosis. 

2. If the appendix is normal, seek other sources for abdominal pain. If 
no other source is found, it is reasonable to proceed with appendec- 
tomy. In many cases a fecalith or other evidence of pathology will be 
found. 

3. Identify the appendix by blunt dissection at the base of the cecum. 
Elevate the cecum or terminal ileum with an endoscopic Babcock 
clamp, placed through the RUQ trocar. Generally the base of the ap- 
pendix will come into view first. 

4. Grasp the appendix with an atraumatic grasper or Babcock clamp 
placed through the RUQ trocar. An extremely inflamed appendix 
may be lassoed with a pretied suture ligature, which provides a handy 
way to elevate it with minimal trauma (Fig. 25.2). 
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Figure 25.2. A pretied ligature may be used to elevate a grossly inflamed ap- 
pendix with minimal trauma. 



5. Depending upon how the appendix presents, it may be simplest to di- 
vide the base before the mesentery. In general, dividing the mesen- 
tery first provides the greatest assurance that the dissection of the ap- 
pendix is carried all the way to the base. 

6. Divide the mesoappendix serially with clips, cautery, ultrasonic scal- 
pel, or endoscopic stapler (Fig. 25.3). 
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Figure 25.3. The mesoappendix is divided serially with clips, ligatures, or other 
hemostatic devices. Both the endoscopic stapler and the ultrasonic scalpel may 
also be used for this purpose. 



7. Divide the base of the appendix. Ligatures or the endoscopic stapling 
device may be used (Fig. 25.4). The endoscopic stapling device saves 
time but is more costly than using two pretied sutures. If the appendix 
is normal, both the appendiceal base and mesoappendix may be di- 
vided by a single application of the stapler. 

8. Remove the appendix by pulling it into the 12-mm trocar and re- 
moving trocar and appendix together, thus protecting the abdominal 
wall from contamination. An extremely bulky or contaminated ap- 
pendix may be placed in a specimen bag to facilitate removal (see 
Chapter 8, Principles of Specimen Removal). 
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b. Recognition and management: Bleeding is not difficult to rec- 
ognize. Suction, adequate lighting, and pressure will aid in iden- 
tifying the bleeding site. An additional trocar may be needed to 
allow retraction around the field or grasping of the vessel. Con- 
trol with an endoloop or clip seems more certain than the appli- 
cation of cautery. 

2. Leakage of appendiceal pus or fecalith 

a. Cause and prevention: This problem may occur in the situation 
of a tensely distended, but not yet perforated, inflamed appen- 
dix. Careful dissection with the use of a sterile specimen bag for 
extraction may prevent it. 

b. Recognition and management: This complication is easy to 
recognize and quite distressing. Irrigate the field and suction 
carefully after removal of the specimen. Retrieve any dropped 
fecaliths immediately, while still visible. It is easy for a small 
object like a fecalith to become lost in the pelvis or between 
loops of bowel. Continue antibiotic coverage for several days 
after surgery, at least until the patient is afebrile with a normal 
WBC count. 

3. Incomplete appendectomy 

a. Cause and prevention: This problem, although rare, may lead 
to recurrent appendicitis. It is caused by ligation of the appendix 
too far from the cecum. It may be prevented by carefully identi- 
fying the junction of the base of the appendix with the cecum 
before ligating and dividing the appendix. 

b. Recognition and management: See above. The surgeon must 
be aware that a patient who has had a laparoscopic or open ap- 
pendectomy may later present with signs and symptoms of ap- 
pendicitis due to this complication. 
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Figure 25.4. A. Division of the appendiceal base using pretied sutures. B. Divi- 
sion of the base using the endoscopic stapling device. 



E. Complications 

1 . Bleeding 

a. Cause and prevention: Aggressive dissection of the mesoap- 
pendix may lead to troublesome bleeding. Likewise, bleeding 
from omental vessels or the retroperitoneum may occur as the 
inflamed appendix is dissected out. Careful dissection with early 
control of the mesoappendix with minimal dissection should 
prevent this complication. 




26. Laparoscopic Colostomy 

Anne T. Mancino, M.D., F.A.C.S. 



A. Indications 

1 . Laparoscopic colostomy is an effective tool for management of unre- 
sectable cancer and severe perianal disease, whenever proximal fecal 
diversion is required. The ability to perform a thorough exploration 
of the rest of the abdomen, with biopsy of any suspicious areas 
(staging), to mobilize a loop, and to create a stoma with minimal ad- 
hesion formation makes it an attractive option for obstructing ano- 
rectal cancers (prior to neoadjuvant therapy). Laparoscopic colos- 
tomy formation is indicated in die following circumstances: 

a. Unresectable pelvic cancer 

b. Rectovaginal fistula 

c. Complex fistula-in-ano 

d. Perianal sepsis 

e. Fecal incontinence 

f. Obstructing cancers of the anus or rectum, prior to neoadjuvant 
therapy 

2. In cases of a proximal obstruction or an immobile colon from carci- 
nomatosis, a laparoscopic loop ileostomy can be formed in a similar 
manner, with similar advantages. 



B. Patient Position and Room Setup 

1 . Position the patient supine on the operating table with the right arm 
tucked to the side. The modified lithotomy position (low stirrups) 
may also be used. 

2. Place the patient in the Trendelenburg position and rotate the table to 
left side up, to move the small intestine out of the pelvis and expose 
the desired segment of colon. 

3. The surgeon stands on the patient’s right with the first assistant on the 
left. 

4. Monitors are positioned toward the foot of the bed. 

5. If an ileostomy is planned, the left arm is tucked and the surgeon 
stands on the patient’s left. 
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C. Trocar Placement and Choice of a Laparoscope 

1. The first trocar is placed at or just inferior to the umbilicus (Fig. 
26.1). A 0-degree (straight-viewing) laparoscope is used to explore 
the abdomen and verify that the planned ostomy site is free of adhe- 
sions. 

2. The second trocar is a 10/12-mm port placed at the planned ostomy 
site. This site should be identified and marked by an enterostomal 
therapist or surgeon prior to the procedure. 

3. Further trocars can be positioned in the opposite iliac fossa lateral to 
the rectus muscle, in the midline suprapubic area or in the ipsilateral 
upper quadrant to allow for better mobilization of the bowel. If an 
end stoma is planned, one of these ports should be 12 mm to accom- 
modate an endoscopic stapler. Otherwise 5-mm ports are in order. 




Figure 26.1. Trocar placement for colostomy. The laparoscope should be 
placed through trocar #1 and the site for trocar #2 inspected for suitability prior 
to port insertion. The other trocar sites should be used as needed to facilitate 
exposure and mobilization. If a loop ileostomy is planned, the port sites will be 
reversed in a mirror image. 
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D. Technique of Colostomy 

1 . Insert the laparoscope through the umbilical port and perform a thor- 
ough inspection of the abdominal contents and perform any needed 
biopsies (see Chapter 12, Elective Diagnostic Laparoscopy and Can- 
cer Staging). 

2. Assess the suitability of the predetermined stoma site and ascertain 
that a proximal loop of sigmoid colon will reach without tension. 

3. If the site is acceptable, excise a disk of skin and subcutaneous tissue 
down to the anterior fascia and insert a 10/12-mm port through the 
center of the incision. 

4. Pass an atraumatic clamp such as a Babcock into the port, grasp the 
sigmoid colon, and pull it toward the abdominal wall to assess mo- 
bility. 

5. If there are adhesions or mesenteric attachments to the paracolic gut- 
ters, a third trocar is inserted to allow countertraction. The lateral at- 
tachments can be dissected through the left lower quadrant port using 
coagulating scissors. 

6. Once the colon is mobilized it is again grasped with the Babcock 
clamp (Fig. 26.2A). 

7. Back the trocar out over the clamp, withdraw the laparoscope into its 
trocar, and remove other instruments (with the exception of the Bab- 
cock) from the abdomen. 

8. Enlarge the fascial defect to allow the colon to be exteriorized. At 
this point, pneumoperitoneum will be lost. 

9. Construct an end colostomy by dividing the colon with a linear sta- 
pler, either extracorporeally, which is the simplest method, or under 
laparoscopic vision using a linear stapling device. 

10. Place the distal colon back into the peritoneal cavity and fashion an 
end stoma in the usual manner (Fig. 26.2B). 

11. If an end stoma is not desired, the loop of colon may be matured as a 
loop colostomy. 

12. Do not fully mature the stoma at this point. 

13. Reestablish pneumoperitoneum and inspect the intestine to verify: 

a. Absence of any tension or twist 

b. Adequacy of hemostasis 

c. Correct identification of proximal and distal segments 

14. Remove the trocars, close the fascial defects, and mature the ostomy. 
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Figure 26.2. Laparoscopic colostomy. A. The preselected colostomy site has 
been prepared by excising a disk of skin and subcutaneous tissue down to fas- 
cia. Fascia is left intact to prevent loss of pneumoperitoneum. A trocar is placed 
through the center of the ostomy site and a loop of sigmoid colon is grasped. 
TTie fascial defect is enlarged and the colon exteriorized. B. The loop has ^en 
divided extracorporeally with a linear stapler and the distal segment dropped 
back into the abdomen. An end stoma has been fashioned in the usual manner. 
Alternatively, a loop colostomy could be constructed. 



E. Complications 

1 . Stricture of the stoma 

a. Cause and prevention: A narrowed stoma results from inade- 
quate incision of the fascia. This is more likely to occur in pa- 
tients with excessive adipose tissue or when the surgeon is try- 
ing to prevent the loss of pneumoperitoneum. Excision of the 
skin and subcutaneous tissue prior to cannula insertion will al- 
low for better visualization. The fascia should then be incised to 
allow two fingers to pass easily. 

b. Recognition and management: The patient will exhibit signs 
of bowel obstruction with minimal output. Digital examination 
will usually identify a stricture at the fascial level. Self- 
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intubation of the stoma serves to dilate the stoma adequately in 
the majority of cases. If stenosis persists, then surgical revision 
is necessary. 

2. Malrotation of intestinal loop 

a. Cause and prevention: On occasion the intestinal loop be- 
comes twisted as it is pulled through the abdominal wall. This 
malrotation can usually be identified intraoperatively by reinsuf- 
flating the abdomen and evaluating the position of the loop by 
direct visualization. The proximal and distal limbs can be 
marked prior to exteriorization using sutures, staples, or methyl- 
ene blue injected through a long spinal needle. 

b. Recognition and management: The patient will exhibit signs 
of bowel obstruction with minimal output. If the obstruction ap- 
pears to be proximal to the stoma on digital exam, then evalua- 
tion with endoscopy or water-soluble contrast through the stoma 
is indicated. If a malrotation of the intestine is identified, it 
should be repaired operatively. 



F. Selected References 

Almquist PM, Bohe M, Montgomery A. Laparoscopic creation of loop ileostomy and 
sigmoid colostomy. Eur J Surg 1995;161:907-909. 

Bogen GL, Mancino AT, Scott-Conner CEH. Laparoscopy for staging and palliation of 
gastrointestinal malignancy. Surg Clin North Am 1996;76:557-569. 

Khoo REH, Montrey J, Cohen MM. Laproscopic loop ileostomy for temporary fecal 
diversion. Dis Colon Rectum 1993;36:966-968. 

Kini SU, Perston Y, Radcliffe AG. Laparoscopically assisted trephine stoma formation. 
Surg Laparosc Endosc 1996;6:371-374. 

Lange V, Meyer G, Schardey HM, Schildberg FW. Laparoscopic creation of a loop co- 
lostomy. J Laparoendosc Surg 1991;1:307-312. 

Ludwig KA, Milsom JW, Garcia-Ruiz A, Fazio VW. Laparoscopic techniques for fecal 
diversion. Dis Colon Rectum 1996;59:285-288. 

Lyerly HK, Mault JR. Laparoscopic ileostomy and colostomy. Ann Surg 1994;219:317- 
322. 

Oliviera L, Reissman P, Nogueras J, Wexner SD. Laparoscopic creation of stomas. Surg 
Endosc 1997;11:19-23. 

Roe AM, Barlow AP, Durdey P, Eltringham WK, Espiner HJ. Indications for laparo- 
scopic formation of intestinal stomas. Surg Laparosc Endosc 1994;4:345-347. 




27. Laparoscopic Segmental 

Colectomies, Anterior Resection, 
and Abdominopereneal Resection 



Eric G. Weiss, M.D. 
Steven D. Werner, M.D. 



A. Indications 

1. Laparoscopic colon resection may be considered whenever resec- 
tion of a segment of colon is required. Large masses such as a phleg- 
mon in Crohn’s disease or a large bulky tumor may not be amenable 
to the laparoscopic technique. Laparoscopic colectomy is most com- 
monly performed for one of the following indications: 

a. Endoscopically unresectable benign colon polyps 

b. Crohn’s disease 

c. Volvulus 

d. Diverticulitis 

e. Colon carcinoma 

2. Laparoscopic anterior resection is primarily indicated for neo- 
plasms of the colon and upper rectum, for which surgical removal is 
the treatment of choice. This includes: 

a. Endoscopically unresectable benign polyps 

b. Rectosigmoid or upper-third rectal cancers 

3. Laparoscopic abdominoperineal resection is indicated whenever 
surgical extirpation of the entire rectum and anus is required, and is 
almost always reserved for palliation or cure of low colorectal malig- 
nancies. Indications for this procedure include: 

a. Rectal cancer 

b. Squamous cell carcinoma of the anus 

c. Anal or rectal melanoma 

d. Anal or rectal sarcomas 

e. Crohn’s disease of the rectum 



B. Patient Position and Room Setup 

1. Position the patient supine on the operating table with both arms 
tucked, padded, and protected at the sides. 
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2. Place the patient in a modified lithotomy position using Allen stirrups 
(Lloyd-Davies or other designs may be used). It is imperative that the 
thighs be at or lower than the level of the abdominal wall to obviate 
difficulty in maneuvering the lower abdominal instruments. 

3. In general, the surgeon stands on the side of the patient opposite the 
pathology and site of dissection, with the first assistant standing 
across the table. 

a. Thus, for right hemicolectomy or ileocolic resection, the sur- 
geon typically stands on the patient’s left side. At times it may 
be beneficial to stand between the patient’s legs. Two monitors 
are placed at the head of the table. 

b. For left colon resections (including abdominoperineal resec- 
tion), the surgeon usually stands on the patient’s right side. 
During mobilization of the splenic flexure it is often easier to 
stand between the patient’s legs. Two monitors are placed at the 
foot of the table. 

4. Trocar position and choice of laparoscope will be discussed with 
each individual procedure. 



C. Performing the Laparoscopic Assisted Ileocolic 
Resection or Right Hemicolectomy 

1 . Place the first (10-12 mm) trocar in the supraumbilical region at the 
site of the planned incision for specimen extraction. In certain in- 
stances where an infraumbilical extraction may be possible (based on 
pathology and patient’s body habitus), this site may be used. 
Threaded trocars are sometimes helpful in heavy patients with thick 
abdominal walls. 

2. Pass a 0-degree laparoscope through this trocar. 

3. Place two 10- to 12-mm trocars in the left upper and left lower 
quadrants, lateral to the rectus muscles. 

4. Additional trocars may be needed for retractors (Fig. 27.1). These 
are generally placed in the right upper or right lower quadrants (again 
lateral to the rectus muscles). Occasionally, a third additional trocar 
may be placed very high in the left upper quadrant. 

5. Position the patient in steep Trendelenburg position with the left side 
of the table down. 

6. Identify the terminal ileum and base of cecum. Grasp the cecum with 
an endoscopic Babcock-type clamp. 

7. Incise along the white line of Toldt with ultrasonic scissors or elec- 
trocautery scissors, and mobilize the right colon superiorly to the 
level of the liver. 

8. Continually regrasp and manipulate the right colon as needed for 
further medial dissection to expose the ureter, Gerota’s fascia, and the 
duodenum (see Figs. 27.2 and 27.3). 
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Figure 27.1. Trcx:ar positions for ileocolic resection and right hemicolectomy. 
The small midline incision is made as an extension of a trocar site, and used for 
exteriorization of the specimen and extracorporeal resection and anastomosis. 
0: typical 10-12 mm trocars; x: optional 10-12 mm trocars. 




Figure 27.2. Mobilization of right colon. Two graspers pull the right colon 
medially as the white line of Toldt is incised. 
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Figure 27.3. Intracorporeal division of mesenteric pedicle is an alternative to 
totally extracorporeal resection. 



9. Grasp the hepatic flexure and divide the hepaticocolic ligament with 
ultrasonic or electrocautery scissors. When using electrocautery scis- 
sors, it is necessary to have ligaclips or endoclips available as bleed- 
ing may occur. 

10. Finally, grasp the transverse colon and divide the greater omentum 
distal to the gastroepiploic vessels to the level of the middle colic ar- 
tery. The ultrasonic scissors work better than other modalities for this 
dissection. 

11. Once the right colon is completely mobilized as described above, 
grasp the cecum with an endoscopic Babcock clamp passed through 
the selected site of specimen removal. Place the laparoscope in one of 
the other trocar sites if necessary. 

a. In patients with Crohn’s disease, it is imperative to “run” the 
small bowel. 

b. Accomplish this maneuver by a “hand-over-hand” technique 
using two Babcock clamps under direct vision. 

12. At the site of the initial trocar placement, usually in the supraumbili- 
cal position, make a 2- to 5 -cm vertical incision in the skin. 

13. Make the fascial incision along the insulated sheath of the forceps 
(which is attached to the cecum). Allow the pneumoperitoneum to 
collapse. 

14. Deliver the cecum to the midline wound, and eviscerate the terminal 
ileum, cecum, and ascending and proximal transverse colon onto the 
abdominal wall (see Fig. 27.4). 
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a. The vascular ligation, bowel division, anastomosis, and closure 
of the mesenteric defect are performed as they would be during 
a laparotomy. 

b. Typically, a stapled functional end-to-end anastomosis is per- 
formed. The mesenteric defect is closed in the usual fashion. 

c. Once the anastomosis is complete, return it to the abdominal 
cavity, taking great care not to damage or tear the bowel or mes- 
entery during this manipulation. 

d. Close the incision using interrupted absorbable sutures. 

15. Reestablish pneumoperitoneum through one of the other trocar sites, 
and insert the laparoscope. 

16. Inspect the bowel, anastomosis, and abdomen; irrigate and assure 
hemostasis. Close trocar sites in the usual fashion. 




Figure 27.4. Terminal ileum, cecum, ascending and proximal transverse colon 
eviscerated through the small midline incision. Resection and anastomosis will 
be performed in an extracorporeal manner. The anastomosis is then returned to 
the abdominal cavity. 



D. Laparoscopic-Assisted Sigmoid Colon 
Resection or Left Hemicolectomy 

1. Place the patient in steep Trendelenburg position with the right side 
of the table down. 

2. Introduce the first trocar in the supraumbilical region and insert a 0- 
degree laparoscope. Next, place two 10- to 12-mm trocars in the 
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right upper and lower quadrants, lateral to the rectus muscle. Place a 
third 10- to 12-mm trocar in the left upper quadrant. This trocar will 
be exchanged for a 33-mm port using the Seldinger technique. 

3. Rarely, a fourth 10- to 12-mm trocar placed in the left upper quadrant 
lateral to the rectus muscle is used for additional retraction. TTiis site 
also provides an excellent vantage point for laparoscopic visualiza- 
tion of the anastomosis. A fifth trocar is sometimes high in the right 
upper quadrant if needed (Fig. 27.5). 

4. Grasp the sigmoid colon with an endoscopic Babcock clamp and re- 
tract it medially to expose the white line of Toldt. 

5. Using either a ultrasonically activated scissors or a cautery scissors, 
incise the peritoneum to mobilize the sigmoid and left colon to the 
level of the splenic flexure (Fig. 27.6). 

6. Continually regrasp and manipulate the colon as the dissection pro- 
gresses medially to expose Gerota’s fascia, the ureter, and the sacral 
promontory. 

7. Next, mobilize the splenic flexure and distal transverse colon. The 
dissection may be easier if the surgeon stands between the patient’s 
legs and uses a left lower quadrant port site. 

8. Divide the gastrocolic omentum with an ultrasonic scalpel or cautery 
scissors to the level of the middle colic artery. 

9. Grasp the transverse colon with an endo-Babcock clamp and dissect 
transverse colon and splenic flexure free of the retroperitoneum infe- 
rior to the spleen. 




Figure 27.5. Trocar placement for laparoscopic-assisted left colon resection. 
Two optional trocar sites (right upper quadrant and left lower quadrant) are 
occasionally helpful. <8): typical 10-12 mm trocars; x: optional 10-12 mm tro- 
cars. 
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Figure 27.6. Mobilization of the sigmoid colon to expose the left ureter as it 
crosses the pelvic brim. The iliac vessels are seen to the left of the ureter. 



10. After complete mobilization, ligate the vascular pedicle intracorpore- 

ally. 

a. Medially isolate either the superior hemorrhoidal and the left 
colic arteries or the inferior mesenteric artery. 

b. Anterolateral retraction of the left colon facilitates this identifi- 
cation. 

c. Isolate the vessels by scoring the mesentery and creating win- 
dows in the mesentery on each side. 

d. These vessels are typically divided using an endoscopic stapler 
with a (white) vascular cartridge introduced via the right lower 
quadrant port site. 

e. Visualize the blades on the lateral side of the mesentery. This is 
crucial to ensure that nothing else is incorporated into them. 

f. After confirming satisfactory positioning, fire the stapler. 

g. Typically, only the above-named vessels and possibly the infe- 
rior mesenteric vein are divided in this manner. 

h. After isolating the smaller vessels in the sigmoid mesentery, 
control them with clips, ligatures, or the ultrasonic scalpel. 

11. Identify the distal extent of resection, and circumferentially expose 

the colonic or rectal wall. 

12. Exchange the right lower quadrant 10- to 12-mm trocar for an 18 -mm 

trocar over an exchange rod under direct vision. 
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13. Insert a 45- to 60-mm linear cutting stapler, encompass the bowel 
wall between the blades (making sure that laterally nothing else is in- 
corporated into the blades), and fire the stapler (Fig. 27.7). 

14. In the left upper quadrant, enlarge the skin incision and exchange the 
previously placed 10- to 12-mm port over a rod for a 33-mm port. 

15. Place a Babcock clamp through this trocar and grasp the proximal 
staple line. 

16. Extrude the specimen through the port or in continuity with the port. 
If the specimen is too large, remove the port and deliver the bowel 
through an enlarged incision protected by a plastic wound drape. 

17. Perform the proximal resection extracorporeally in the conventional 
fashion. Place a purse-string suture and insert the circular stapling 
anvil into the proximal end of bowel. Secure the purse-string suture 
and replace the bowel into the abdominal cavity (Fig. 27.8). 

18. Replace the 33-mm trocar (if it was removed) and re-establish pneu- 
moperitoneum. 

19. Grasp the anvil with an anvil-grasping clamp, usually passed through 
the right upper or lower quadrant trocar sites. Assess the ability of the 
anvil to reach die planned anastomotic site. Further mobilization 
and/or vascular division may be needed, and should be performed if 
necessary. Verify the correct orientation (i.e., no twist) for the proxi- 
mal bowel. 




Figure 27.7. The endoscopic linear stapler is used to divide the bowel at the 
distal resection margin. 
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Figure 27.8. A. The anvil of the circular stapler is inserted in the proximal end 
of the bowel (which has been drawn out of the abdomen through an enlarged 
trocar site). B. The purse-string suture is tied. The bowel is then returned to the 
abdomen. 
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20. Insert a circular stapler transanally and advance it to the distal staple 
line. Under direct laparoscopic visual control, extend the spike of the 
stapler through the distal staple line. Attach the anvil (Fig. 27.9). 

21. Move the laparoscope to the right or left lower quadrant port to best 
visualize the anvil and stapler head coming together. Once satisfied, 
close, fire, and remove the stapler. Inspect the two donuts for com- 
pleteness. 

22. Test the anastomosis by placing an atraumatic Dennis-type clamp 
across the bowel proximal to the anastomosis. Use the suction- 
irrigator to fill the pelvis with saline and immerse the anastomosis. 
Insufflate the rectum with air, using a bulb syringe, proctoscope, or 
flexible sigmoidoscope, and observe for air bubbles. 

23. Irrigate the abdomen, obtain hemostasis, and close the trocar sites. 
Close the 33-mm port site with interrupted absorbable sutures. 





Figure 27.9. The anvil is attached to the circular stapler (which has been passed 
transanally) and the stapler will be closed and fired in the usual fashion. 
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E. Performing the Laparoscopic Anterior 
Resection 

1 . Patient position is similar to that described in section D. 

2. Place the first three (10-12 mm) trocars in the supraumbilical region 
(laparoscope) and right upper and right lower quadrants, lateral to the 
rectus muscle. 

3. Place a fourth (10-12 mm) trocar in the left upper quadrant lateral to 
the rectus muscle. This will be exchanged for a 33'mm trocar later. 
Additional (10-12 mm) trocars may be needed for retraction. 

4. After mobilizing the left colon (see section D), grasp the rectosig- 
moid junction using an endoscopic Babcock clamp and retract it ante- 
riorly toward the abdominal wall. 

5. Enter the presacral plane posteriorly with ultrasonic or cautery scis- 
sors. Dissect posteriorly to well below the level of the pathology, us- 
ing sharp dissection. 

6. Intraoperative rigid proctoscopy is often helpful to confirm the exact 
level of the lesion. Mark the site with clips. 

7. Continue the dissection laterally and finally anteriorly to circumfer- 
entially free the mesorectum at least 5 cm distal to the distal edge of 
the tumor. 

8. Serially divide and ligate the mesorectum (at right angles to the rec- 
tum) with a series of clips, vascular stapler, or ultrasonically activated 
scissors. Bare rectum should be demonstrated circumferentially. Per- 
form a total mesorectum excision for tumors in the lower two thirds 
of the rectum, to obtain adequate tumor control. 

9. The remainder of the procedure is analagous to that described above 
for a sigmoid or left colectomy (section D). 



F. Performing a Laparoscopic Abdominoperineal 
Resection 

1 . The patient position and trocar sites are as previously described, ex- 
cept that the third 10- to 12-mm trocar should be placed at the site of 
the proposed colostomy (which will have been marked by the entero- 
stomal therapist prior to surgery). This mark will typically overlie the 
rectus muscle. Insert this trocar with great care to avoid laceration of 
the inferior epigastric vessels. 

2. The initial mobilization is similar to that already described for a sig- 
moid colectomy, left colectomy, or anterior resection. 

a. It may not be necessary to mobilize the splenic flexure depend- 
ing on the length and mobility of the sigmoid colon. 

b. The level of vascular ligation may vary based on the same con- 
siderations. 
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3. Choose a point at which to divide the bowel. Serially divide the mes- 
entery at this level using ultrasonically activated scissors, ligatures, 
clips, or vascular stapler. At this site, the mesentery is serially divided 
to this level using either the ultrasonically activated scissors, vessel 
loops, ligaclips, or vascular stapler. 

4. Transect the bowel as previously described for sigmoid and left co- 
lectomy. 

5. Grasp the distal colonic staple line and retract it anteriorly or inferi- 
orly to expose the presacral space. The presacral space is entered 
posteriorly using either cautery scissors or an ultrasonic scalpel. 

6. Dissect the presacral space posteriorly to the level of Waldeyer’s fas- 
cia. Open this fascia to expose the levator muscles. 

7. Continue this dissection laterally on both sides. 

8. Perform the anterior dissection last. 

a. Retract the rectum superiorly and posteriorly. In the female, re- 
tract the uterus (if present) anteriorly and inferiorly. 

b. Dissect the rectum from vagina or seminal vesicles and prostate. 

9. At this point, with the rectum fully mobilized intracoiporeally, the 
perineal dissection is made. 

a. Make an elliptical incision around the external sphincter. 

b. Deepen this incision into the ischiorectal fat to expose the leva- 
tor muscles. Posteriorly, place the levator plate at the level of the 
tip of the coccyx. Introduce a finger into the pelvis posteriorly 
and visualize it with the laparoscope. 

c. Divide the levators laterally and posteriorly. 

d. Insert a ring forceps into the pelvis from below. Under laparo- 
scopic control, the tip of the rectum/sigmoid colon is handed to 
the perineal operator via the ring forceps. The rectosigmoid co- 
lon is then extracted from below. 

e. Complete the remaining dissection from the perineal aspect in 
the usual fashion. 

10. Pass an endoscopic Babcock clamp via the trocar at the stoma site, 
and grasp the remaining end of sigmoid colon. Excise a 2-cm disk of 
skin around the trocar site and enlarge the trocar site. Bring out the 
end of the colon as a colostomy. Mature this in the usual fashion. 

1 1 . From the perineal wound, pass an endoscopic Babcock clamp into the 
abdomen and guide it up retrograde through the right lower quadrant 
trocar site. Grasp and pull an irrigation sump catheter through the tro- 
car site and position it just above the levators. Close the levators and 
perineum, and complete the operation in the usual fashion. 



G. Complications 

1 . Anastomotic leak 

a. Cause and prevention; A well-vascularized, tension-free, cir- 
cumferentially intact anastomosis is necessary to prevent such 
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problems. If any of the above requirements are not present dur- 
ing a laparoscopic-assisted colectomy, then the anastomosis 
must be revised. It is often prudent, if not mandatory, to convert 
to a laparotomy at this point. Identification of ischemia may be 
difficult and the aid of intravenous fluorescine should be used. 
One ampule of fluorescine given intravenously followed by in- 
spection with a Wood’s lamp allows for identification of ische- 
mic bowel. Resection proximally to viable colon will alleviate 
this problem. Intraoperative testing of the anastomosis is man- 
datory as described above. Any leak requires, at minimum, rein- 
forcement if not complete revision. The use of only a diverting 
stoma to protect such an anastomosis is inadequate. 

b. Recognition and management: Postoperative fevers, prolonged 
ileus, elevated leukocyte counts, and abdominal pain are all 
hallmarks of postoperative anastomotic leak. Aggressive detec- 
tion and delineation will often allow conservative therapy to be 
employed. Perform prompt radiologic evaluation of the anasto- 
mosis using a water-soluble contrast enema [perhaps in concert 
with a computed tomography (CT) scan of the abdomen and 
pelvis]. If a small leak or a leak associated with a localized ab- 
scess is identified, percutaneous drainage, antibiotics, bowel 
rest, and total parenteral nutrition often allow for spontaneous 
closure. If a large, free leak is identified, prompt laparotomy 
with stoma creation is necessary. 

Postoperative small bowel obstruction 

a. Cause and prevention: Postoperative small bowel obstruction 
is almost universally caused by adhesion formation. Postopera- 
tive adhesions may be less common with the laparoscopic ap- 
proach. However, internal hernias or port site hernias may still 
occur. Closing mesenteric defects and closing all port sites of 10 
mm or greater should help minimize this problem. 

b. Recognition and management: Abdominal distention, cessa- 
tion or no passage of flatus, and the inability to tolerate oral in- 
take associated with nausea or vomiting are all common signs 
and symptoms of small bowel obstruction. When these symp- 
toms occur early in the postoperative course (3-10 days), it is 
often difficult to distinguish a bowel obstruction from a normal 
postoperative ileus. Initial management is similar in both cases 
with nasogastric tube decompression, intravenous fluids, and 
possibly nutritional support. This conservative management may 
continue in the absence of fevers, rising white blood counts, or 
peritonitis (which would indicate leak, see above). Consider 
evaluation of the port sites via CT scan or ultrasound in any pa- 
tient who develops a bowel obstruction after a laparoscopic pro- 
cedure. Failure to resolve mandates reexploration (usually via 
laparotomy) for lysis of adhesions and possible bowel resection. 
If possible, the addition of an anti-adhesion product should be 
employed to prevent further postoperative adhesions. 
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A. Indications 

Laparoscopic assisted proctocolectomy with ileal-pouch anastomosis is in- 
dicated for young patients with ulcerative colitis or familial polyposis. 

1 . In patients with ulcerative colitis, the most common indication is in- 
tractible disease or carcinoma prophylaxis in patients who wish a 
continences preserving procedure. It is not indicated in the surgical 
management of toxic megacolon. 

2. The procedure is indicated for patients with familial polyposis, when 
multiple adenomatous colonic polyps are detected on surveillance 
endoscopy. 



B. Patient Position and Room Setup 

1 . Place the patient in the dorsolithotomy position, with arms extended, 
and legs in Allen stirrups (Allen Medical Co., Bedford Heights, OH), 
with minimal hip flexion, (i.e., with the upper legs almost parallel to 
the floor). This position allows the surgeon and assistants to manipu- 
late instruments from between the legs with full mobility. 

2. Prep and drape both the abdominal wall and perineum to allow full 
access to both areas. 

3. The surgeon usually stands on the side opposite to the site of dissec- 
tion; on the left side during mobilization of the right colon, between 
the legs for the transverse colon, and on the right side for the left co- 
lon. 

4. The camera operator should stand adjacent to the surgeon, ensuring 
that the camera view of the operative field is parallel to the surgeon’s 
view. 

5. Other assistants usually stand on the opposite side of the table. 

6. Place the monitors on each side, toward the head of the patient for the 
abdominal portions of the procedure, and then toward the feet if the 
pelvic dissection is performed laparoscopically. 
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C. Trocar Position and Choice of Laparoscope 

1 . Place the first trocar just inferior to the umbilicus. 

2. A 30 degree angled laparoscope is useful during the majority of the 
procedure. 

3. In general, four additional port sites will be placed, one in each quad- 
rant of the abdomen (Fig. 28.1). The exact number and location de- 
pends upon the habitus of the patient and the location and mobility of 
the colon. 

4. All trocar sites should be at least 10 mm in size, and those in the 
lower abdomen optimally should be 12 mm in size, to allow use of 
the Multifire Endo-GIA stapler (United States Surgical Corp., 
Norwalk, CT). 

5. Use of a 12-mm site in all quadrants will add versatility in the appli- 
cation of the endostapler on all the major mesenteric pedicles. 

6. Port sites are ideally placed lateral to the rectus sheath but modifica- 
tion of placement locations can allow one to “hide” a site in, for ex- 
ample, the proposed right lower quadrant ostomy site, or to the left of 
the midline in the anticipated site of a Pfannenstiel incision. This in- 
cision is made after full laparoscopic mobilization of the colon, for 
specimen delivery and construction of the ileal pouch. Threaded can- 
nula oversleeves are useful in each port site to prevent accidental 
dislodgment of cannulas during manipulation. 




Figure 28.1. Suggested port sites for laparoscopic proctocolectomy. 
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D. Performing the Abdominal Colectomy 

1. The dissection begins in the right lower quadrant and follows the 

colon around to the sigmoid. 

2. Mobilization of the right colon 

a. Rotate the operating table to the left, and place the patient in the 
Trendelenburg position to facilitate displacement of small bowel 
loops from the right lower quadrant. Place the laparoscope 
through the infraumbilical or the left upper quadrant port. 

b. The assistant retracts the ascending colon medially using an 
atraumatic bowel grasper. Babcock forceps may be used instead, 
but tend to cause serosal tears that can convert to inadvertent 
enterotomies. 

c. The surgeon will generally work through the lower abdominal 
cannula sites, using a bowel-grasping instrument through one 
cannula, and the dissecting instrument through the other site 
(Fig. 28.2). 

d. Incise the peritoneum along the white line of Toldt using En- 
doshears with electrocautery or the Harmonic Scalpel (Ethicon 
Endosurgery, Cincinnati, OH) to minimizes bleeding, which can 
quickly obscure the operative field. 

e. As dissection is performed in this areolar plane, apply increasing 
traction to the right colon to facilitate complete dissection of 
even flimsy attachments. 

f. Recognize complete dissection of all attachments by clear iden- 
tification of Gerota’s fascia overlying the right kidney and the 
duodenal sweep. 




Figure 28.2. With the patient rotated to the left in steep Trendelenburg, the 
surgeon retracts the peritoneum laterally while the assistant retracts the right 
colon medially. 




28. Laparoscopic- Assisted Proctocolectomy 303 



g. Incomplete dissection will make intracorporeal ligation of the 
vascular pedicles extremely difficult. 

3. Mobilization of Transverse Colon 

a. Place the patient in reverse Trendelenburg during this portion of 
the procedure, with traction applied in a caudad direction to ei- 
ther the omentum overlying the transverse colon or the trans- 
verse colon itself. 

b. Stand between the patient’s legs or on either side of the patient 
as preferred. 

c. As the dissection progresses around the hepatic flexure, divide 
the greater omentum and expose the lesser sac with the Har- 
monic Scalpel (The omental vessels are too larger to be reliably 
controlled with cautery, and endoclips are tedious to apply to 
each omental vessel). 

d. Retract the stomach cephalad by grasping it opposite the colonic 
retractor (Fig. 28.3). 

e. After division of several omental vessels the defect in the 
omentum will allow the use of a fan-shaped retractor to either 
the colon or the stomach. 

f. As in all portions of this procedure, application of the appropri- 
ate amount of traction and countertraction greatly facilitates the 
dissection. 




Figure 28.3. The stomach is retracted cephalad as the transverse colon is re- 
tracted caudad while the omentum is divided with the Harmonic Scalpel. 
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g. In the region of the splenic flexure, it may be easier to divide the 
omentum in a caudad direction to enter the avascular plane be- 
tween the colon and the omentum. 

4. Mobilization of the left colon 

a. Position the patient in reverse Trendelenburg and rotate the table 
to the right. 

b. Stand on the patient’s right side, or between the legs. 

c. Retract the left colon with atraumatic bowel graspers or a fan- 
shaped retractor. 

d. Dissect in the areolar plane all the way from the splenic flexure 
to the left pelvic brim, taking care to identify both the gonadal 
vessels and the left ureter. Gentle blunt dissection is sufficient to 
sweep these structures laterally and posteriorly from the meso- 
colon. 

5. Transection of the mesenteric vessels is most rapidly accomplished 

by using the endostapler with vascular staples. 

a. The assistant grasps either the colon itself or the mesentery adja- 
cent to the colon, and retracts the mesentery toward the anterior 
abdominal wall. 

b. With sufficient traction, the position of vessels can be deter- 
mined by identifying the lines of traction they produce on the 
stretched mesentery. 

c. Make openings on each side of the vessels using either the en- 
doshears or the Harmonic Scalpel. 

d. Transect the vascular pedicles with the vascular endostapler 
(Fig. 28.4). 




Figure 28.4. The colon is retracted toward the anterior abdominal wall as the 
vascular pedicle is divided with the linear cutting stapler. 
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E. Completion of the Operation 

1 . Remove the cannulas, and make a Pfannenstiel incision. 

2. Mobilization of the rectum from the presacral space is performed 
through this incision. 

3. Transect the ileum and rectum with an endoscopic linear stapler and 
remove the specimen. 

4. Construct the pouch in the usual fashion and create the ileo-anal an- 
astomosis. 

5. Choose a suitable portion of the ileum for construction of the divert- 
ing loop ileostomy, if desired, and draw this loop through the right 
lower quadrant trocar site. 

6. Place a pelvic drain. 

7. Close all trocar sites. 

8. Finally, close the Pfannenstiel incision and then mature the loop ile- 
ostomy. 



F. Complications 

1. Bowel trauma: Inadvertent enterotomy is usually due to excessive 
trauma to the bowel during retraction. Avoid this problem by using 
atraumatic bowel graspers when feasible, and retracting the colon by 
the taenia. Sometimes the colon is excessively fragile, secondary to 
fulminant colitis; inability to retract without tearing the colon may 
preclude a laparoscopic-assisted approach in this situation. As men- 
tioned in earlier sections, damage to the bowel can result from elec- 
trocautery or the ultrasonic scalpel, and can present as a bowel perfo- 
ration several days postoperatively. 

2. Bleeding: This complication can occur during a variety of maneu- 
vers. A few situations in which it may occur, and their management 
or prevention, include the following: 

a. Bleeding frequently occurs during division of the omentum due 
to shearing of the omentum, especially in the region of the sple- 
nic flexure. 

b. If the omentum is thickened and foreshortened in the region of 
the splenic flexure, it may be wise to use the linear cutting sta- 
pler with vascular staples to transect the omentum. 

c. There will often be slight oozing from a mesenteric or omental 
pedicle if smaller vessels are divided with the stapler. This can 
usually be managed with the application of either a large endo- 
clip or an endoloop. 

3. Ureteral injury: Ureteral injury can be caused by inadvertent energy 
transfer from the electrocautery unit or the Harmonic Scalpel, or from 
inclusion in the stapling device during transection of the mesenteric 
pedicle. This complication can be manifest by postoperative fever, il- 
eus, or excessive drainage from pelvic drains that is high in creatin- 
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ine. Minimize the risk of this complication by clearly identificating 
the ureter during dissection, and convert to an open procedure if this 
is not possible. Recognition of a ureteral injury usually mandates 
conversion to an open procedure for repair. 

4. Pressure injuries: The length of the procedure with frequent oper- 
ating table position changes increases the risk of pressure injuries to 
the ulnar, peroneal, and brachial plexus nerves. Careful patient posi- 
tioning with padding of pressure points is imperative, as is securing 
the patient to the table. Use sequential compression devices to mini- 
mize the incidence of deep venous thrombosis. 
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29. Distal Pancreatectomy 
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A. Indications 

1 . Laparoscopic distal pancreatectomy with splenectomy is indicated 
for tumors of the tail and distal body of the pancreas. The procedure 
is most commonly applied to benign tumors in which the splenic vein 
or artery cannot be separated from the pancreatic lesion. It can also 
be used in palliative resection of the distal pancreas for malignant 
disease. Conditions in which this may be appropriate include: 

a. Cystadenoma 

b. Neuroendocrine tumors 

c. Cysts 

d. Carcinoma of the pancreatic tail 

2. When the splenic vein and artery are uninvolved by the disease proc- 
ess, laparoscopic distal pancreatectomy with splenic salvage may be 
considered. This is more common with cysts and small cystadeno- 
mas. 



B. Patient Position and Room Setup 

1 . Position the patient in the modified lithotomy position with both arms 
tucked to the side. As with other advanced upper abdominal proce- 
dures, this enhances access and facilitates a two-handed suturing and 
knot- tying technique. 

2. The thighs must parallel to the floor (rather than flexed at hip and 
knee) so as not to impede movements of the instruments. 

3. If an arm needs to be out for anesthesia access, it should be the left 
one. 

4. Place a bolster beneath the left thoracic cage to elevate the left side 
15 to 20 degrees. 

5. Place the camera operator to the left and the first assistant to the pa- 
tient’s right. 

6. Place the video monitor above the head of the patient in the midline. 
A suitable alternative position is to place the monitor opposite the 
patient’s left shoulder. 

7. A Foley catheter is optional. 
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C. Trocar Position and Choice of Laparoscope 

1. Place the first trocar just above and to the left of the umbilicus. This 
should be a 10/11 -mm trocar. Use an angled laparoscope (30-45 de- 
gree) to facilitate visualization of the left upper quadrant structures. 

2. Place a 5-mm trocar in the epigastric midline just below the xiphoid. 

3. Place a 10/12-mm trocar in the left midclavicular line. This will be 
used for dissection and placement of an endoscopic linear stapler for 
pancreatic transection. This trocar must be low enough in the abdo- 
men to allow the jaws of the stapler to open completely. Usually, 
placement at the level of the umbilicus is sufficient. 

4. Place the fourth trocar in the anterior axillary line. This site will be 
used for retraction, suction and irrigation. Although the size of this 
trocar (5 versus 10/1 1 mm) depends upon the instrumentation, use of 
the larger trocar allows the laparoscope to be repositioned if needed 
to enhance visualization (Fig. 29.1). 




Figure 29.1. Trocar placements for distal pancreatectomy. These sites are 
proper for both splenic salvage and with splenectomy. There should be at least 
a hand’s breadth distance between trocars 1,3, and 4. The trocar for the laparo- 
scope should be above the umbilicus, or visualization of the upper short gastric 
vessels and splenic attachments will be difficult. The #3 trocar must be of suffi- 
cient size for placement of the gastrointestinal anastomosis (GIA) stapler (12 
mm). On occasion, replacement of the laparoscope into trocar #3 or #4 will be 
helpful in delineating the anatomy. Suturing and knot tying are prerequisites for 
advanced laparoscopic surgery. The angle of attack should be at about 90 de- 
grees, which explains the placement of trocars #2 and #3. 
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D. Initial Dissection and Mobilization of Pancreas 

1. First explore the abdomen for other pathology before commencing 
the pancreatic dissection. 

2. Position the angled laparoscope to look down on the abdominal 
structures. 

3. Enter the lesser sac by dividing the gastrocolic omentum. 

a. This is facilitated by superior retraction of the stomach (trocar 
#2) and lateral traction of the ligament (trocar #4). 

b. The operating port is trocar #3. 

c. The dissection can be accomplished with the Harmonic Scalpel 
(Ultracision, Ethicon Endo-Surgery, Cincinnati, OH) scissors, 
monopolar electrocautery, and titanium clips. 

d. It is easier to stay outside the gastroepiploic vessels. 

e. Wide mobilization of the gastrocolic omentum is required to 
fully visualize the pancreas. 

4. Incise the posterior peritoneum at the inferior border of the pancreas. 
Identify the inferior mesenteric vein and avoid it. With that excep- 
tion, the plane is fairly avascular. 

5. Mobilize medial to lateral. Divide the splenocolic ligament and visu- 
alize the splenorenal attachments. 

6. Dissect the posterior aspect of the pancreas to ascertain involvement 
of the splenic vein and/or artery. The decision to remove or salvage 
the spleen is made now. Each procedure will be described separately 
in the sections that follow. 



E. Distal Pancreatectomy with Splenectomy 

1 . Identify the splenic artery beneath the posterior peritoneum at the su- 
perior border of the pancreas. 

2. It may be advantageous to divide the short gastric vessels at this stage 
(Fig. 29.2). Clips or the LCS work well here. (See Chapter 31, Lapa- 
roscopic Splenectomy.) 

3. Dissect the splenic artery by staying in the adventitial plane next to it. 
The site of division should be at the planned line of pancreatic tran- 
section. Doubly clip the and divide the artery. The author places a 
pretied suture ligature on the artery for extra security. 

4. Bluntly dissect the posterior pancreas from the retroperitoneal tissues 
at the site of the previously divided splenic artery. Elevate the gland 
medially (trocar #2) and laterally (trocar #4) with graspers to expose 
the area. The splenic vein should be on the posterior aspect of the 
gland. This is a delicate part of the operation and hemorrhage here 
must be avoided. 

5. Once the posterior gland is fully mobilized, the dissector should be 
visible at the superior border of the pancreas at the previously divided 
splenic artery. 
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Figure 29.2. Once the lesser sac has been entered, lateral traction on the sple- 
nogastric attachments will allow exposure of the short gastric vessels. These 
can be clipped (as shown here) or divided with the LCS. Reprinted with per- 
mission from Salky BA and Edye M. Laparoscopic Pancreatectomy. Surg Clin 
N Am 1996; 76; 3: 539-45. 



6. Pass the vascular endoscopic GIA stapler through trocar #3, and di- 
vide the gland and splenic vein as a unit (Fig. 29.3). Two applications 
of the stapler are usually necessary to completely transect the pan- 
creas. The remainder of the dissection of the pancreatic tail, spleno- 
renal ligament, and splenodiaphragmatic attachments is facilitated by 
the pancreatic division. 

7. After the remaining attachments have been divided, remove trocar #3 
and roll up a sturdy retrieval bag and insert it into the abdomen. The 
5- X 7-cm Cook urological bag has worked well for the author. 

8. Reinsert trocar #3 and regain pneumoperitoneum. The author prefers 
to insert another 5-mm trocar to hold the bag open with 3-point trac- 
tion (graspers in trocars #2, 4, and 5). 

9. Manipulate the specimen with a grasper inserted through trocar #3. 
Tilt the OR table to take advantage of gravity as the specimen is 
brought into the bag (see Chapter 8, Principles of Specimen Re- 
moval). 

10. Thoroughly check hemostasis, irrigate, and place a closed suction 
drain via trocar #4. The operation is concluded in the usual fashion. 
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G. Complications 

1 . Hemorrhage 

a. Cause and prevention: The most common event leading to 
conversion to open procedure is inability to control hemorrhage. 
Both the splenic artery and vein are the main sources. Dissection 
in the proper adventitial plane and gentle laparoscopic tech- 
niques will limit this complication. 

b. Recognition and management: Rapid hemorrhage which can- 
not be controlled promptly requires laparotomy to treat. Tempo- 
rary control may be obtained by exerting pressure with 10-mm 
instruments. This allows time to ascertain what exactly is the 
problem. Laparoscopic hemostatic techniques include vascular 
staples, titanium clips, electrocautery, LCS and suturing, and 
knot tying capability (Chapter 6, Principles of Laparoscopic 
Hemostasis). 

2. Pancreatic leak 

a. Cause and prevention: Disruption of the pancreatic duct clo- 
sure can lead to leakage of pancreatic juice. The enzymes in 
pancreatic fluid are caustic to surrounding tissue. Inspect the 
stump of the pancreatic remnant before closure. If necessary, 
suture-ligate the duct with a nonabsorbable suture. 

b. Recognition and management: A closed suction drain is rou- 
tinely placed at the cut end of the pancreas. Check the drainage 
fluid for amylase on the second postoperative day, and remove 
the drain if the amylase level is normal. Elevation of amylase is 
consistent with a pancreatic leak. Management is dependent on 
amount of leakage and the clinical status of the patient. Barring 
a proximal obstruction of the pancreatic duct or a foreign body, 
the pancreatic leak should close. Adjunctive measures such as 
somatostatin analogues, total parenteral nutrition (TPN), and 
antibiotics may be required, depending upon the patient’s clini- 
cal status. 

3. Infection 

a. Cause and prevention: Pancreatic leak and hematoma forma- 
tion at the surgical site in the left upper quadrant can lead to ab- 
scess formation. The incidence is around 5%. Meticulous hemo- 
stasis, closure of the pancreatic duct, gentle handling of the 
pancreatic gland, and minimal electrocautery usage will de- 
crease, but not eliminate infection. There is no evidence that 
prophylactic antibiotics prevent infection in this setting. Most 
surgeons will place a closed-system suction drain at the time of 
surgery. 

b. Recognition and management: Respiratory difficulty, sepsis, 
pleural effusion, and left upper quadrant pain are all signs of a 
left subphrenic abscess, which is best confirmed by computed 
tomography (CT) scan. Antibiotics and percutaneous or opera- 
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Figure 29.3. Distal pancreatectomy with splenectomy. The figure demonstrates 
the proper angle of approach when transecting the pancreatic body with the 30- 
mm GIA stapler. The posterior aspect of the pancreas must be dissected com- 
pletely to allow free passage of the stapler. Include the splenic vein in the staple 
line, and transect pancreas and splenic vein at the site of the previously divided 
splenic artery. Reprinted with permission from Salky BA and Edye M. Laparo- 
scopic Pancreatectomy. Surg Clin N Am 1996; 76; 3: 539-45. 



F. Pancreatectomy with Splenic Salvage 

Performing this procedure implies the benign pathology is not adherent to 
the splenic artery or vein. The size and location of the pathological process to 
the vessels determine the best approach. In general, there are multiple small 
vascular branches that have to be dissected. Traction and countertraction, me- 
ticulous avascular dissection, and fine working instruments are key here. Both 
sharp and blunt dissection techniques are employed, but sharp dissection tends 
to be more avascular. 

1. As the blood vessels are small, the LCS or 5-mm titanium clips are 
better choices for hemostasis. It is a good idea to limit the amount of 
electrocautery energy applied to the pancreatic tissue. 

2. Clip any identifiable pancreatic ductal branches to the main duct. 

3. As in pancreatectomy with splenectomy, trocars #2 and #3 are the 
operating ports with trocar #4 utilized for countertraction and suction. 

4. Hemostasis, irrigation, aspiration, and placement of a closed system 
suction drain via trocar #4 complete the procedure. 
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tive drainage may be required. (See Chapter 31, Laparoscopic 
Splenectomy, for additional discussion of complications). 
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30. Laparoscopic 

Cholecystojejunostomy and 
Gastrojejunostomy 



Carol E.H. Scott-Conner, M.D., Ph.D. 



A. Indications 

1. Laparoscopic cholecystojejunostomy is indicated when bypass of 
the biliary tract is needed and the cystic duct is known to be patent. 
The procedure is most commonly used to palliate unresectable ma- 
lignancies of the region of the ampulla of Vater. It may also be used 
in chronic pancreatitis. Internal stenting is an alternative procedure. 
Conditions in which this procedure is used include: 

a. Carcinoma of the head of the pancreas 

b. Chronic pancreatitis 

c. Other obstructive processes of the ampullary region for which 
no alternative treatment exists 

2. Laparoscopic gastrojejunostomy is used alone or in conjunction 
with laparoscopic cholecystojejunostomy. Used alone, the procedure 
is indicated for bypass of distal gastric, pyloric, or duodenal obstruc- 
tion, generally when the patient is not considered to be a candidate 
for a more definitive procedure. Such conditions include: 

a. Gastric carcinoma 

b. Severe peptic ulcer disease (often in conjunction with vagot- 
omy) 

c. Carcinoma of the pancreas in the absence of jaundice 

3. Laparoscopic cholecystojejunostomy and gastrojejunostomy are 
occasionally performed as a double-bypass procedure when both bili- 
ary and gastric diversion are indicated. This is occasionally needed in 
carcinoma of the ampullary region, particularly carcinoma of the 
pancreas. 

4. These bypass procedures may be done at the time of laparoscopic ex- 
ploration for resectability when unresectable gastric or pancreatic 
cancer is confirmed. 



B. Patient Position and Room Setup 



1 . Position the patient supine on the operating table with arms extended. 
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2. The surgeon stands at the right side of the patient. Some surgeons 
prefer to stand between the patient’s legs, particularly if a sutured an- 
astomosis is planned. This is a matter of individual preference. 

3. Place the monitors at the head, in positions similar to those used for 
laparoscopic cholecystectomy. 



C. Trocar Position and Choice of Laparoscope 
(Fig. 30.1) 

1. Place the first trocar at or just below the umbilicus. Use an angled 
laparoscope (30 degree) to facilitate visualization of the anastomosis. 

2. Place a 5-mm trocar to the left of the midline, lateral to the rectus, at 
approximately the level of the umbilicus. Place a 10- or 12-mm trocar 
(use a 12-mm if a gastrojejunostomy is planned in addition to the 
cholecystojejunostomy) to the right of the midline, in the subcostal 
region but lateral to the gallbladder. The trocar on the right should be 
large enough (generally 10 mm, unless a smaller laparoscope is 
available) that the laparoscope can be passed through this port if 
needed. Use a long needle passed through the abdominal wall to test 
trocar locations and angles. These two trocars will be used for ma- 
nipulation and suturing. 

3. The fourth trocar will be used for the endoscopic stapling device. It 
must be placed low on the right side (just above ±e iliac fossa). 
Placement of this trocar must be low enough to allow sufficient 
working space within the abdomen. If the trocar is placed too close to 
the gallbladder, it will be difficult to manipulate the stapling device 
(remember that the jaws must be completely out of the trocar in order 
to properly open the device). Take care to ensure that you are satis- 
fied with the alignment and spatial relationships before you place this 
trocar. This trocar should be a 1 2-mm, to accommodate the stapler. 
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Figure 30.1. Trocar placement for cholecystojejunostomy. If you plan to do a 
gastrojejunostomy as well, modify the trocar placement as shown in Fig. 30.4. 
In each case, trocar placement must be individualized. A standard umbilical or 
subumbilical location for trocar #1 will place the laparoscope in a good posi- 
tion. Trocars #2 and #3 will be used to manipulate ^e bowel and gallbladder, 
and to place sutures. If you plan to use the endoscopic stapler to close the en- 
terotomies, then trocar #2 must be sufficiently large (generally 12 mm) to ac- 
commodate this device. Otherwise a 5-mm trocar will suffice. Trocar #3 should 
be large enough to allow the laparoscope to be passed into this trocar should it 
become necessary to inspect the inside of the anastomosis. Trocar #4 will be 
used to pass the endoscopic stapling device. It must be placed low enough to 
allow sufficient working distance to open the jaws, and should also allow the 
stapler to line up with the long axis of the gallbladder, if possible. As with all 
advanced laparoscopic procedures, trocar placement is crucial and you should 
take time and explore your planned placement with a long needle, if necessary, 
to assure good alignment and positioning. 
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D. Performing the Cholecystojejunostomy 

1. The simplest method is an antecolic loop cholecystojejunostomy, 

performed with the endoscopic linear stapling device. To perform this 

anastomosis, 

a. Identify the ligament of Treitz and run the bowel to a point at 
least 50 cm distal to the ligament of Treitz. The loop selected 
should reach comfortably to the gallbladder without tension, 
when passed in an antecolic fashion. Verify that the loop passes 
comfortably up into the right upper quadrant; if the loop does 
not pass easily, try selecting a more distal small bowel site (and 
hence farther from the ligament of Treitz). 

b. Place a stay suture on the loop of jejunum. With the same suture, 
take a bite of the fundus of the gallbladder. Use this stay suture 
to approximate the two hollow viscera in apposition. Tie the 
suture loosely and pass it out trocar #3. Place a second stay su- 
ture about 1 cm from the first, tie it loosely, and pass it out 
through trocar #2. The stab wounds will be placed between these 
two sutures. An alternative technique, without the use of stay 
sutures, may be used and is described below (see section D.2). 

c. Use electrocautery or endoscopic scissors to make two stab 
wounds, each large enough to accommodate one jaw of the en- 
doscopic linear stapling device (approximately 8 mm long). 
Suction the bile from the gallbladder, note its color, and send for 
culture. The gallbladder bile should be golden. If the gallbladder 
bile is white (hydrops) the cystic duct is not patent and the pro- 
cedure should not be performed (see Complications, below). 

d. Pass the endoscopic linear stapling device, with a 3.5-mm car- 
tridge, from trocar #4. Place one jaw within each stab wound 
(Fig. 30.2). Take care to ensure that the jaws pass into the lumen 
of the two viscera rather than into a submucosal plane. When 
you are satisfied, close the stapler and fire it. Open the stapler 
and remove it from the region of the anastomosis. Some advo- 
cate keeping the stapler closed for 1 to VA minutes, feeling that 
this period of gentle compression facilitates hemostasis. 

e. Inspect the staple line for bleeding. Irrigate the staple line and 
check the color of the effluent (see Complications, below). 

f. Close the stab wounds by simple running suture (Fig. 30.3). An 
alternative method is to pass the endoscopic linear stapling de- 
vice through the left lateral port and staple the closure. 

g. Inspect the completed anastomosis and place a closed suction 
drain in proximity. If there is omentum, place it in the right up- 
per quadrant as well. Irrigate the abdomen and close in the usual 
fashion. 
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Figure 30.2. Stay sutures have been placed and tied. Two enterotomies have 
been made and the stapler is inserted into the two enterotomies. The bowel and 
gallbladder must be carefully positioned to fully utilize the entire length of the 
stapling device (by pulling the two viscera up into the “crotch” of the device) 
and to avoid catching other structures in the staple line. In this illustration the 
stapler is being passed through a trocar relatively high on the right side. This 
can only be done when the patient is large and the abdominal wall anatomy 
allows sufficient working distance. In smaller patients, the stapler will be 
passed from a trocar low in the right lower quadrant. (Reprinted with permis- 
sion from Bogen GL, Mancino AT, Scott-Conner CE. Laparoscopy for staging 
and palliation of gastrointestinal malignancy. Surg Clin N Am 1996;76:557- 
69.) 




30. Laparoscopic Cholecystojejunostomy and Gastrojejunostomy 319 




Figure 30.3. After inspecting the staple line for hemostasis, the enterotomies 
are closed with a running suture. (Reprinted with permission from Bogen et al. 
Surg Clin N Am 1996;76:557-69.) 



2. Alternate technique (no stay sutures): Make the enterotomy in the 
jejunal loop first. Insert the narrow end of the linear stapler and gen- 
tly close, but do not fire, the linear stapler. This will serve to hold the 
jejunal loop in position. Next, make an enterotomy on the gallblad- 
der. Bring the stapler, carrying the jejunal loop, up into the right up- 
per quadrant and open the jaws, taking care not to drop the jejunal 
loop. Pass the wide end of the stapler into the gallbladder. Use atrau- 
matic graspers to position the bowel and gallbladder in the proper 
alignment. Close and fire the stapler. 



E. Gastrojejunostomy 

1 . Trocar placements are similar (Fig. 30.4), with the exception that tro- 
car #2 may be placed lower on the left side (to create sufficient 
working distance from the stomach). 
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Figure 30.4. Trocar placement for gastrojejunostomy is slightly different, in 
that trocar #2 is placed lower, to allow adequate working distance from the 
stomach. If you plan to do both procedures, use this trocar arrangement (rather 
than that in Fig. 30.1). 



2. Identify a loop of jejunum as previously described. 

3. Choose a site low on the greater curvature of the stomach, but away 
from the tumor (if the bypass is performed for malignancy). Instilla- 
tion of some air into the nasogastric (NG) tube will elevate the stom- 
ach, making it easier to identify the proper site. 

4. Place two stay sutures to approximate the stomach and the jejunum. 
Pass these sutures out through trocars #2 and #3. 

5. Make two enterotomies, pass and fire the stapling device with a 3.5 
mm cartridge (Fig. 30.5). The 60-mm stapler provides an adequate 
lumen. If this is not available, perform a second firing of the 30-mm 
device, taking care to extend the stapling line directly back from the 
apex. 




30. Laparoscopic Cholecystojejunostomy and Gastrojejunostomy 32 1 




Figure 30.5. A loop of jejunum has been selected and affixed to the greater 
curvature of the stomach, above the gastroepiploic vessels, with two stay su- 
tures. Two enterotomies have been made and the stapling device inserted. 



6. Inspect the staple line for hemostasis. Close the enterotomies with a 
running suture or with the endoscopic stapler, passed through trocar 
#2 (Fig. 30.6). Check the anastomosis with air under saline, or by in- 
stillation of methylene blue into the NG tube. 
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Figure 30.6. The stapler has been fired and removed. The staple line has been 
inspected for hemostasis and is being closed with a simple running suture. 



F. Complications 

1 . Leakage of the cholecystojejunostomy 

a. Cause and prevention: Bile is a detergent and will go through a 
pinhole; hence, small leaks at biliary-enteric anastomotic sites 
are common. Many surgeons routinely place a closed suction 
drain in close proximity to a biliary-enteric anastomosis, so that 
any such leakage is easily recognized and controlled. The re- 
sulting bile leak usually subsides spontaneously in the absence 
of distal obstruction. 

b. Recognition and management: Bilious output from the closed 
suction drain should be monitored and outputs recorded. Exces- 
sive (more than 100-200 cc per day) or prolonged (more than 
one week) output may be a sign of distal obstruction. A radionu- 
clide biliary scan is an easy, noninvasive way to confirm that the 
jejunal loop is patent. The scan will show passage of radionu- 
clide into the distal small intestine if the loop is patent. Sequen- 
tial scans over time will confirm rapid transit of bile through the 
gut. If the loop is obstructed or the leak is very large, the radio- 
nuclide will pass out through the drain or puddle in the right 
gutter and little or no activity will be seen to go into the gut. 
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Distal obstruction is generally mechanical in nature and requires 
operative correction. 

If no drain has been placed, a subphrenic collection or general- 
ized peritonitis may result. Generally this is signaled by fever or il- 
eus, and diagnosed by CT or ultrasound. A localized collection may 
be amenable to percutaneous drainage. Generalized peritonitis will 
usually require exploration, with repair of the leak and establishment 
of adequate external drainage. Similar concerns about distal obstruc- 
tion of the jejunal loop exist and should be kept in mind. 

2. Leakage of the gastrojejunostomy 

a. Cause and prevention: To minimize the possibility of leakage, 
test the gastrojejunostomy by air under water, or by instillation 
of dilute methylene blue through the NG tube. Reinforce any ar- 
eas that appear weak or are leaking. 

b. Recognition and management: A localized collection or gen- 
eralized peritonitis may result. Fever, ileus, abdominal tender- 
ness, and distention are symptoms. A Gastrografm upper gas- 
trointestinal series may demonstrate the site of leakage. Revision 
of the anastomosis will generally be required. 

3. Bleeding from the staple line 

a. Cause and prevention: All gastrointestinal stapling devices are 
designed to approximate tissues without strangulating or devas- 
cularizing them. The potential for bleeding always exists. The 
rich submucosal blood supply of the stomach makes it particu- 
larly prone to staple line bleeding. To avoid this complication, 
inspect the staple line carefully before closing the stab wounds. 
Use the suction irrigator to irrigate the staple line and carefully 
inspect the color and quantity of the effluent. The effluent 
should be clear or bilious in color. 

b. Recognition and management: If the effluent is persistently 
bloody, suspect a staple-line bleeder and place the laparoscope 
into the lateral port. You can then advance the laparoscope 
through the stab wounds to look inside. Cauterize or suture li- 
gate any bleeding points under direct vision. Use cautery with 
caution to avoid thermal damage and delayed perforation. 

4. Failure of the cholecystojejunostomy to produce biliary diversion 
a. Cause and prevention: Obstruction of the anastomosis by 

blood clot can cause recurrent jaundice. This can be avoided if 
hemostasis is carefully checked as noted above. An unrecog- 
nized blocked cystic duct will cause the anastomosis to fail. 
Avoid this complication by careful patient selection and knowl- 
edge of individual anatomy. The cystic duct enters the common 
duct at a variable distance from the duodenum. A cholecystoje- 
junostomy uses the cystic duct as a conduit for bile from the 
common hepatic duct. If the cystic duct is not patent, or is 
blocked by tumor, the conduit will not function. At laparoscopy, 
the gallbladder should appear grossly distended (Courvoisier’s 
sign). The cystic duct should be dilated and the gallbladder 
should contain bilious material. White bile (hydrops) indicates 
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the presence of cystic duct obstruction and is a contraindication 
to performing a biliary-enteric bypass. 

Cholangiography is the best way to delineate biliary anatomy. If 
you are uncertain as to the anatomy, perform a transcystic cholangio- 
gram by placing a needle in the gallbladder and injecting contrast. 
The cholangiogram should visualize the common duct, 
b. Recognition and management: If cholecystojejunostomy does 
not produce biliary diversion, or if the conduit fails as the tumor 
grows, stenting, transhepatic drainage, or conversion to choledo- 
chojejunostomy should be considered. Decision to employ one 
of these procedures should be based upon careful consideration 
of the anatomy and the patient’s overall medical condition. 

5 . Obstruction of the jejunum at the anastomotic site 

a. Cause and prevention: Problems during the construction of the 
anastomosis, particularly during closure of the enterotomies, can 
narrow the lumen of the Jejunal loop or even totally obstruct it. 
This causes a high small bowel obstruction. Avoid this compli- 
cation by taking care not to narrow the jejunal lumen, particu- 
larly if you use the stapler to close the enterotomies. Visually in- 
spect the anastomosis after you construct it, and if it does not 
look right, consider revising it. 

b. Recognition and management: Signs of high small bowel ob- 
struction (vomiting, inability to tolerate feeds) suggest the diag- 
nosis, which may be confirmed by Gastrografin upper gastroin- 
testinal series. The anastomosis must be revised or a 
jejunojejunostomy (to bypass the obstruction) constructed. 

6. Distal mechanical obstruction of the jejunal loop 

a. Cause and prevention: Avoid kinking by visually verifying 
that the chosen site allows the jejunum to lie in a comfortable 
and loose position as it passes over the transverse colon. Rarely, 
a trocar site hernia may present as small bowel obstruction. 

b. Recognition and management: Distal obstruction may cause 
the anastomosis to leak. If the anastomosis does not leak, ob- 
structive symptoms of distention, inability to tolerate feedings, 
and vomiting suggest the diagnosis. The diagnosis may be con- 
firmed by flat and upright abdominal films, HIDA scan (chole- 
cystojejunostomy), or Gastrografin upper gastrointestinal series 
(gastrojejunostomy). Generally, revision of the anastomosis will 
be required. 



G. Selected References 

Bogen GL, Mancino AT. Scott-Conner CEH. Laparoscopy for staging and palliation of 
gastrointestinal malignancy. Surg Clin North Am 1996;76:557-569. 

Cuschieri A. Laparoscopy for pancreatic cancer: Does it benefit the patient? Eur J Surg 
Oncol 1988;14:41-44. 




30. Laparoscopic Cholecystojejunostomy and Gastrojejunostomy 325 



Fletcher DR, Jones RM. Laparoscopic cholecystjejunostomy as palliation for obstructive 
jaundice in inoperable carcinoma of pancreas. Surg Endosc 1992;6: 147-149. 

Hawasli A. Laparoscopic cholecysto-jejunostomy for obstructive pancreatic cancer: 
technique and report of two cases. J Laparoendosc Surg 1992;2:351-355. 

Nagy A, Brosseuk D, Hemming A, Scudamore C, Mamazza J. Laparoscopic gastroenter- 
ostomy for duodenal obstruction. Am J Surg 1995;169:539-542. 

Nathanson LK. Laparoscopy and pancreatic cancer; Biopsy, staging, and bypass. Bail- 
lieres Clin Gastroenterol 1993;7:941-960. 

Rangraj MS, Mehta M, Zale G, Maffucci L, Herz B. Laparoscopic gastrojejunostomy; a 
case presentation. J Laparoendosc Surg 1994;4:81-87. 

Shimi S, Banting S, Cuschieri A. Laparoscopy in the management of pancreatic cancer: 
endoscopic cholecystojejunostomy for advanced disease. Br J Surg 1992;79:317- 
319. 

Sosa JL, Zalewski M, Puente I. Laparoscopic gastrojejunostomy technique: case report. J 
Laparoendosc Surg 1994;4:215-220. 

Targarona EM, Pera M, Martinez J, Balague C, Trias M. Laparoscopic treatment of pan- 
creatic disorders: diagnosis and staging, palliation of cancer and treatment of pan- 
creatic pseudocysts. Int surg 1996;81:1-5. 

Wyman A, Stuart RC, Ng EK, Chung SC, Li AK. Laparoscopic truncal vagotomy and 
gastroenterostomy for pyloric stenosis. Am J Surg 1996;171:600-603. 




31. Laparoscopic Splenectomy 



Robert V. Rege, M.D. 



A. Indications 

1. Laparoscopic splenectomy is indicated in patients with hematologi- 
cal disorders that have not responded to medical therapy when re- 
moval of the spleen is expected to improve the patient’s condition. 
Indications for laparoscopic splenectomy are essentially the same as 
for open splenectomy (Table 31.1). 

Table 31.1. Disorders treated by splenectomy 

Hematological disorders: 

Idiopathic thrombocytopenic purpura (ITP) 

AIDS-associated ITP 

Hereditary spherocytosis 

Idiopathic autoimmune hemolytic anemia 

Felty’s syndrome 

Thalassemia 

Sarcoidosis 

Sickle cell disease 

Gaucher’s disease 

Congenital and acquired hemolytic anemia 
Thrombotic thrombocytopenic purpura 
Miscellaneous diseases of the spleen: 

Splenic artery aneurysm 
Splenic cysts 
Splenic abscesses* 

Trauma*: 

Acute rupture* 

Delayed rupture* 

Splenic tumors: 

Hodgkin’s lymphoma* 

Non-Hodgkin’s lymphoma* 

Secondary Hypersplenism 

*Results of laparoscopic splenectomy not established. 

2. Although laparoscopic splenectomy has been successfully performed 
for splenic artery aneurysms, ruptured spleens, tumors and tumor 
staging, and splenomegaly, controversy exists about the use of the 
laparoscope for these disorders. Results and safety compared to 
open splenectomy have not been clearly defined for these disorders 
and there is a possibility that otherwise curable tumors may be spread 
by laparoscopic techniques. Likewise, potential exists for spread of 
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infection during laparoscopic treatment of splenic abscess. These dis- 
orders are therefore considered “relative contraindications” to laparo- 
scopic splenectomy. 



B. Patient Position and Room Setup 

1. Two positions are used for laparoscopic splenectomy: a modified 
semi-frog leg lithotomy position and a right lateral position (Fig. 
31.1). 




Figure 31.1. (top) Modified lithotomy position; (bottom) right lateral position. 
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2. In the modified lithotomy position, the surgeon stands between the 
patient’s legs. The monitor is placed at the patient’s head. The anes- 
thesiologist is placed to the side of and above the patient. Assistants 
and the scrub nurse are placed at the patient’s sides. 

a. This position provides excellent access to the spleen, stomach, 
body, and tail of the pancreas, and splenic flexure of the colon. 
The position is comfortable for the surgeon. However, the liver 
must be retracted necessitating an extra large port site. 

b. This position is excellent in patients with congenital hemolytic 
anemia in which both laparoscopic splenectomy and cholecys- 
tectomy are simultaneously required. 

3. In the right lateral position, the surgeon stands at the patient’s side. 
Monitors are placed at the head and to the side of the operating room 
table, similar to laparoscopic cholecystectomy. The patient is either 
placed in a true lateral position or at a 45-degree angle with the ta- 
ble rotated to attain a more lateral position (Fig. 31.2). In both po- 
sitions, the patient is flexed at the waist to open the space between the 
costal margin and the iliac crest. 

a. The lateral position facilitates posterior dissection of the spleen 
and of its hilum. It decreases the amount of splenic retraction re- 
quired during the operation. 

b. The 45-degree modification allows for quick repositioning of the 
patient and conversion to open operation if necessary. 

c. Dissection of the superior short gastric vessels and of the supe- 
rior pole of the spleen may be difficult in lateral position. 

4. The position used depends on the indication for the operation, but is 
most often chosen according to surgeon preference. 




Figure 31.2. Patient positioned in 45-degree rotation. Table is further rotated to 
attain true lateral position, and flexed downward at the waist to open the space 
between costal margin and pelvis. 
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C. Trocar Position and Choice of Laparoscope 

The location of trocar sites vary with position chosen. 

1 . In the lithotomy position (Fig. 31.3): 

a. Estimate the distance to the posterior left diaphragm measuring 
with the laparoscope. Place the port for the laparoscope above 
the umbilicus in the midline. The exact distance above the um- 
bilicus varies depending on the patient’s body habitus. 

b. Place two 12-mm trocars on the left below the costal margin in 
the mid-clavicular and mid-axillary lines. 

c. Place two 10- or 12-mm trocars on the right below the costal 
margin. Position varies by surgeon, but one port is usually 
placed in the subxiphoid region and the other in the mid- 
clavicular. 

d. If a 5 mm ultrasonically activated scissors is available, the op- 
eration can be performed with a camera port, two 5-mm trocars, 
and a 10-12 mm trocar. 

2. In the right lateral position: 

a. Place the port for the laparoscope at the umbilical level. It can 
be placed in the anterior axillary line as shown in the figure, but 
we prefer placement at or above the umbilicus which places the 
camera away from the operating ports. 




Figure 31.3. Port placement for laparoscopic splenectomy, lithotomy position. 
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b. Place two or three 12-mm trocars on the left below the costal 
margin in the midline and the mid-clavicular line. 

c. Place a 5- or 10-mm trocar on the left subcostally in the poste- 
rior axillary line. 

3. In either position, visualization of the spleen and surrounding 
structures is improved by placing the patient in the reverse Trendel- 
enburg (head up, feet down) position. The table may also be rotated 
to the right. 

4. A 30- or 45-degree laparoscope is required to visualize the entire 
left upper quadrant of the abdomen and all surfaces of the spleen. 



D. Performing a Laparoscopic Splenectomy 

1 . Several strategies and devices facilitate laparoscope splenectomy. 

a. Laparoscopic splenectomy can be challenging. An assistant who 
is an experienced laparoscopic surgeon is helpful. 

b. A suction/irrigation device is essential. A 5-mm tip suffices for 
most operations, but when there is bleeding, a 10-mm open- 
ended tip is useful for rapidly evacuating clot and visualizing the 
source of bleeding. 

c. Use of multiple 12-mm ports allows flexibility in placement of 
the camera, instruments, and stapling device. 

d. An ultrasonically activated scissors facilitates control of the 
short gastric vessels and splenic attachments. The device gener- 
ally decreases operating time. 

e. Frequent repositioning of the table facilitates visualization of 
important structures. 

f. It is important to search for accessory spleens before beginning 
and at each stage of the splenectomy. 

g. The operation proceeds in a similar manner regardless of posi- 
tion used. 

2. First, mobilize the splenic flexure of the colon with electrocautery, 
clips, or an ultrasonically activated scissors. 

a. Retract the splenic flexure of the colon inferiorly and to the pa- 
tient’s right side, and divide the lateral attachments of the colon. 

b. Divide the splenocolic ligament to mobilize the lower pole of 
the spleen. Secure vessels in this ligament with clips or the 
Harmonic scalpel. 

c. Continue dissection posterior to the spleen, dividing the spleno- 
renal and splenophrenic attachments. Use a grasper or suction 
tip to retract the spleen to the right as the dissection progresses. 

3. Next, divide the gastrosplenic ligament. Retract the stomach inferi- 
orly and to the right with a Babcock clamp. A small opening is made 
in the gastrosplenic ligament entering the lesser sac. The ligament is 
then divided by progressing superiorly along the greater curvature of 
the stomach dividing short gastric vessels in turn. 
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a. Although short gastric vessels can be divided with cautery and 
clips, the author prefers the ultrasonically activated scissors 
since clips are sometimes accidentally dislodged and may inter- 
fere with placement of the vascular stapler later in the operation. 

b. Reposition the Babcock clamp frequently to maintain visibility. 
This is especially important for the short gastric vessels to the 
upper pole of the spleen. 

c. Gentle retraction of the upper pole of the spleen will aid in visu- 
alizing and dividing the highest short gastric vessel. 

d. In some patients, division of the gastrosplenic ligament is best 
performed before posterior mobilization of the splenic attach- 
ments. 

4. Identify the hilum of the spleen. Adipose tissue and/or remaining 
posterior attachments of the spleen often obscure the hilum and must 
be carefully dissected until the splenic vein is seen. Create a space in 
front of and behind the vein, and visualize the distal pancreas. 

5. Divide the splenic vein with the vascular stapler, while avoiding in- 
jury to the pancreatic tail. 

a. Pass an endoscopic lineal stapling device with a vascular car- 
tridge through a left, posterior lateral port site. Pass the stapler 
cephalad along the left colic gutter so that it lies perpendicular to 
the vein. 

b. Open the stapler, carefully place it across the entire vein, and 
close it. Ensure correct placement prior to closure. Opening the 
device for repositioning without firing it is dangerous and 
may tear the vein, causing bleeding. 

c. Fire the stapling device, then open and remove it. Check the sta- 
ple line for bleeding, which is unusual if the device is applied 
correctly. If bleeding occurs, control it with cautery, clips, su- 
tures, or reapplication of the stapler. 

6. Divide the splenic artery with the stapler (see above). 

a. Depending on the splenic anatomy, 2 to 5 applications of the 
stapler may be required to divide all branches to the upper pole 
of the spleen. 

b. Some surgeons prefer to ligate splenic hilar vessels with indi- 
vidual sutures. Diis can be difficult, time-consuming, and does 
not seem to have an advantage. Vascular staples are secure and 
bleeding from the staple line is rare. 

7. A this point, posterior attachments of the upper pole of the spleen 
remain. Divide these attachments using the stapler, cautery, or the 
ultrasonically activated scissors. 

a. Once the splenic blood supply is divided, the spleen can be 
safely retracted to visualize remaining attachments. 

b. Posterior attachments may require retraction of the spleen ante- 
riorly and to the right. This may be facilitated by rotating the ta- 
ble to the right. 

8. When the spleen is free, place it in a large plastic bag and retrieve 
the bag through one of the large port sites (Fig. 3 1 .4). 

a. Morcellize the spleen using a Kocher clamp and/or ring forcep. 
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b. Remove the spleen in pieces, suctioning blood from the bag as 
needed. Place the bag on tension during morcellization, but take 
care to avoid damaging the bag. 

9. After removing the spleen, reinsert the port and examine the left 
upper quadrant to ensure that there is no hemorrhage. The operation 
is concluded in the usual fashion. 




Figure 31.4. The plastic specimen bag has been retrieved through a large port 
site. A ring forceps is used to fragment the spleen and remove it piecemeal. 



F. Complications 

1 . Complications of laparoscopic splenectomy are the same as for the 
open operation. Although length of hospital stay and the time to full 
recovery is decreased, it is not clear that laparoscopic surgery is safer 
than open splenectomy. Laparoscopic splenectomy has the least 
benefit in patients with severe hematological disorders and/or medi- 
cal comorbidities that necessitate prolonged hospitalization post- 
operatively in themselves. A potential exists for increased intraop- 
erative bleeding and need for transfusion. 
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2. Hemorrhage 

a. Cause and prevention: The spleen is a pulpy organ that is eas- 
ily injured during retraction. The hilar vessels are delicate and 
can be tom. Laparoscopic splenectomy requires excellent visu- 
alization of important stmctures, careful dissection, and rapid 
control of bleeding. Any coagulation deficits should be cor- 
rected before surgery. Patients with ITP should be treated medi- 
cally to optimize platelet counts. Patients with refractory throm- 
bocytopenia may require platelet transfusion, which should be 
delayed until after the splenic aretery and vein have been di- 
vided. 

b. Recognition and management: Monitor the operative field 
carefully during and after splenectomy for hemorrhage. Hemor- 
rhage is the most common reason for conversion to open opera- 
tion. Hemorrhage must be controlled rapidly with cautery, clips, 
or sutures, or the operation should be converted to an open pro- 
cedure. It is prudent to set a limit for blood loss. If the limit is 
reached without end to the splenectomy in sight, conversion to 
open operation is justified. 

3. Postsplenectomy Sepsis 

a. Cause and prevention: Warn all patients about this potential 
complication, and instmct them to contact their physician 
promptly if they develop febrile illnesses. Prompt treatment of 
bacterial illnesses with antibiotics is essential. Patients should 
receive preoperative vaccination against pneumococcal and he- 
mophilus organisms. 

b. Recognition and management: Physicians should be aware of 
postsplenectomy sepsis. Prompt recognition and aggressive 
treatment of bacterial infections is required. 

4. Failure to control the primary disease: 

a. Cause and prevention: Splenectomy will not improve every 
patient in which it is indicated. Careful selection of patients after 
assessment of all risks and benefits is important. Patients should 
be informed about expected results and the possibility of failure 
during discussions about the operation. Failure to recognize and 
remove an accessory spleen may result in persistent manifesta- 
tion of the patients disease. Each operation should include a 
careful search for accessory spleens. They should be removed 
when found. 

b. Recognition and management: Patients with persistent disease 
require evaluation for accessory spleen. Accessory spleens can 
usually be visualized with a liver-spleen nucleotide scan. Re- 
moval of the accessory spleen is necessary, and may be per- 
formed laparoscopically. If no accessory spleen is found, treat- 
ment is medical and should involve a hematologist who is an 
expert with the disorder. 

5. Injury to adjacent organs (stomach, colon, or pancreas): 

a. Cause and prevention: Injury to adjacent organs occurs during 
dissection of splenic attachments and division of vessels to the 
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spleen, or by tearing the organ during retraction. Careful dissec- 
tion, exact application of instruments, staples, and clips, and 
gentle retraction are required to avoid these problems during 
laparoscopic splenectomy. 

b. Recognition and management: Ideally, injury is recognized 
intraoperatively and can then be directly repaired (either laparo- 
scopically or by conversion to open operation). Unrecognized 
injuries become manifest as prolonged postoperative ileus, intra- 
abdominal fluid collections, or postoperative abscess. Postop- 
erative fluid collections and abscesses are often amenable to 
percutaneous drainage and antibiotic therapy. Measure the 
amylase concentration on any fluid drained from the abdomen to 
exclude pancreatic injury. If adequate drainage is obtained, in- 
fection can be controlled and fistulae will close. Failure of per- 
cutaneous drainage is an indication for reoperation. 

6. Subphrenic abscess 

a. Cause and prevention; Subphrenic abscess is a well-known 
complication of splenectomy. It may occur as an isolated com- 
plication or be caused by an injury to an adjacent organ (see 
above). 

b. Recognition and management: Subphrenic abscess may causes 
persistent postoperative fever, elevated white blood count, and 
postoperative ileus. Subphrenic abscess can be diagnosed by 
computed tomography (CT) scan of the abdomen. Subphrenic 
abscess is treated with antibiotic therapy and percutaneous 
drainage of the abscess. If not amenable to or successfully 
treated by percutaneous drainage, operative drainage is indi- 
cated. 
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32. Lymph Node Biopsy, Dissection, 
and Staging Laparoscopy 

Lee L. Swanstrom, M.D., F.A.C.S. 



A. Indications 

Laparotomy is commonly used to biopsy nodal tissue, to perform therapeu- 
tic lymphadenectomies, and to perform palliative gastrointestinal bypasses. 
Image-guided percutaneous biopsy is a less traumatic but significantly less 
accurate alterative. Most recently, laparoscopy has been advocated as an accu- 
rate, less invasive staging method and, in some cases, a procedure to allow 
extended lymphadenectomies for improved survival. Current indications for 
the use of laparoscopy for intra-abdominal node dissections or biopsies are 
listed in Table 32.1. 



Table 32.1. Tumor sites for which laparoscopic lymph node biopsy or dissec- 
tion has been reported, grouped by purpose of laparoscopic intervention 



Purpose of Intervention 


Tumor Site 


Staging 


Ovary 

Uterine Cervix 
Endometrium 
Prostate 
Bladder 

Testis (including germ cell) 
Hodgkin’s lymphoma* 


Determination of resectability for 
cure 


Esophagus 

Stomach 

Pancreas 

Hepatobiliary 

Unknown retroperitoneal masses 


Therapeutic lymph node dissection 


Colon** 

Stomach** 

Nonseminomatous testicular 
Uterine cervix or endometrium 



*Also see Chapter 12 for more details on staging laparoscopy for Hodgkin’s lymphoma. 
** As part of resection. 
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B. Patient Preparation, Positioning, and Setup 

Informed consent for these procedures should include not only discussion 
of the procedure, risks, and alternatives, but also further treatment options for 
various scenarios. Patient and surgeon should reach consensus on how to pro- 
ceed with surgical cancer treatment depending on the findings of the laparo- 
scopic staging procedure. This allows the surgeon to proceed with an orderly 
plan of treatment that is consistent with the patient’s wishes (e.g., to perform 
the formal resection under the same anesthesia, to attempt palliation, or to do 
nothing further) depending upon the intraoperative findings. 

The details of preparation depend upon the anticipated site of dissection, 
duration of surgery, and associated pathology. Here are some general guide- 
lines: 

1. Place a Foley catheter for iliac node dissection, pelvic dissection, or 
long cases. 

2. Retrogastric biopsy or other upper abdominal procedures require an 
orogastric tube. 

3. Formal bowel preperation in advisable for para-aortic lymph node 
dissection as both the transabdominal and the retroperitoneal ap- 
proaches involve extensive colon manipulation. 

4. Patients with malignancy are at high risk for deep vein thrombosis 
(DVT), and the effects of position and pneumoperitoneum may con- 
tribute to intraoperative venous stasis. Anti-DVT prophylaxis is ex- 
tremely important. 

5. A single dose of antibiotics is given immediately preoperatively, 
usually a first-generation cephalosporin. 

6. Patient position and OR monitor setup varies for these cases. 

a. Position the patient supine with the legs spread for upper ab- 
dominal node biopsies, dissections, or Hodgkin’s staging 
(Fig. 32.1). Arms can be tucked or strapped onto arm boards at 
less than a 90-degree angle. 

b. Para-aortic dissections can also be done in this position (with 
the arms tucked), but are more commonly done through a retro- 
peritoneal approach with the patient positioned in the lateral de- 
cubitus position (Fig. 32.2). This position requires a bean bag 
and attention to patient positioning, and padding of the axilla, 
arms, and legs. The monitors should be placed at the head and 
foot of the table. 
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Figure 32.2. Room setup and patient position for retroperitoneal para-aortic 
node biopsy. 



c. For iliac and low pelvic node dissection the patient lies supine 
with both arms tucked (Fig. 32.3). 

d. Laparoscopic staging procedures for gynecologic and urologic 
malignancies are often done in full lithotomy position, to allow 
access to the urethra or vagina for biopsy, hysterectomy, or 
placement of a uterine elevator. The monitors are placed at the 
patient’s feet. 
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C. Access Ports and Equipment for Laparoscopic 
Node Biopsy 

Simple biopsy can often be performed with three ports (two 5 mm and one 
10 mm), but more formal retroperitoneal node dissections may require up to six 
ports (three 10 mm and three 5 mm). Placement varies according to the area 
being biopsied. 

Instruments that are typically needed are listed in Table 32.2. 



Table 32.2. Instruments for laparoscopic node biopsy and dissection 



Angled laparoscope 


Large ( 10 mm ) cup grasper 


Atraumatic graspers (Glassman) 


Specimen retrieval sac 


Maryland dissector 


Ultrasonic scissors* 


Laparoscopic ultrasound probe 


Dissecting balloons* 


Endoscopic Metzenbaum scissor 


Needle holders* 



*Not needed in all cases. 



D. Technique of Retrogastric Dissections 

This procedure is approached much the same as for a laparoscopic antire- 
flux procedure. 

1 . Position the patient on a split leg table with arms out on arm boards, 
as previously noted (Fig. 32.1) and in reverse Trendelenburg. 

2. Place the initial trocar 3 cm above the umbilicus in the midline, the 
second (10 mm) trocar in the left mid-clavicular line, and the third (5 
mm) in the right mid-clavicular line (Fig. 32.4). 

3. Use a 25- or 30-degree angled laparoscope to carefully perform a 
complete peritoneoscopy, which should include inspection of the pel- 
vic cul-de-sac, Morrison’s pouch, and the diaphragm. This is done to 
rule out any carcinomatosis that may obviate a more extended proce- 
dure. 

4. Next use the laparoscopic ultrasound to assess the liver, portahe- 
patic, celiac, and retrogastric nodes. Any nodes identified as enlarged 
should be targeted for biopsy. 

5. If no adenopathy is noted, or the findings are equivocal, open the 
avascular portion of the gastrohepatic omentum and retract the lesser 
curvature of the stomach to the patient’s left. This gives good access 
to the celiac nodes at the base of the patient’s right crus. It also al- 
lows access to the head of the pancreas and the nodal tissue overlying 
this area as well as those immediately superior to the portal vein (Fig. 
32.5). 

6. Grasp the selected node(s) with an atraumatic grasper, and coagulate 
lymphatics and small feeding vessels with electrocautery or ultra- 
sonic scissors. 
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7. Access the retrogastric nodes by dividing the gastrocolic omentum 
and entering the lesser sac behind the stomach. Take care when di- 
viding the gastrocolic omentum to avoid injury to the gastroepiploic 
vasculature (Fig. 32.6). 

8. Inside the lesser sac, divide the avascular adhesions between stomach 
and pancreas and use an atraumatic fan retractor to elevate the stom- 
ach. This retractor is best held by a table mounted retractor holding 
system. 

9. Node-bearing tissue also lies along the superior border of the splenic 
vein and pancreas and adjacent to the superior mesenteric vein and 
artery. 

10. For simple staging, grasp and excise isolated nodes. 

1 1 . For more extended therapeutic dissections, the paraceliac and porta- 
hepatic nodes are usually dissected as one contiguous mass. 

12. Node tissue between the superior mesenteric vein and splenic hilum 
is next removed in continuity. 

13. The nodal tissue is placed in a specimen bag and removed through a 
trocar site (which may be enlarged if necessary). 

14. Leave a closed suction drain in the field when an extensive node dis- 
section is performed. This will control any postoperative lymphatic 
leakage. No drain is needed for simple biopsy. 





Figure 32.6. Retrogastric nodes exposed. 
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E. Staging for Hodgkin’s Disease 

Laparoscopic staging of Hodgkin’s lymphoma typically involves biopsy of 
multiple node-bearing areas and solid organ tissue. This indication has enjoyed 
some renewed interest with the ability to do it laparoscopically because it yields 
a greater sensitivity and specificity than imaging techniques while minimizing 
patient morbidity and length of hospital stay. Chapter 12 contains some infor- 
mation about Hodgkin’s staging. The discussion here will focus on the specific 
techniques of lymph node biopsy. 

1 . Position the patient supine with legs spread. 

2. Five trocars are used (three 5-mm trocars and two 10-mm trocars). 

3. Perform laparoscopic ultrasonography to identify any obvious retro- 
peritoneal masses (Fig. 32.7). 

4. Biopsy any visible nodes. 

5. Obtain mesenteric nodes. 

a. Gently elevate the mid-jejunum with atraumatic graspers and 
dissect out several mesenteric nodes using sharp and blunt dis- 
section. 

b. The ultrasonic coagulating shears are useful for control of lym- 
phatics and vascular supply to the nodes. 




Figure 32.7. Ultrasonic image of retroperitoneal nodes. 
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c. Single nodes can be withdrawn through the 10-mm port, labeled, 
and fixed in formalin for pathologic assessment. One node from 
each area should also be sent fresh to allow touch prep slides to 
be made. 

d. Obtain nodes from the transverse colon mesentery in the same 
way while the transverse colon is being elevated for mesenteric 
node sampling. 

6. Access para-aortic nodes by carrying the dissection down to the root 
of the mesentery adjacent to the ligament of Treitz. 

7. Liver biopsies are performed (see Chapter 12). 

8. Attention is then turned to the spleen. Laparoscopic splenectomy is 
performed (see Chapter 31, Laparoscopic Splenectomy). 



F. Para-aortic Node Dissections 

A formal para-aortic node dissection is usually indicated for staging or 
therapy of endometrial or cervical carcinomas, or as a treatment for early-stage 
germ cell tumors of the testicle. A formal dissection is best approached with 
retroperitonoscopy. 

1 . Place the patient in the lateral decubitus position on a bean bag with 
the mid-abdomen positioned over the table break. 

2. Flex the table so that the abdominal musculature is stretched taut. 

3. Take care to prevent nerve injury: An axillary roll must be care- 
fully positioned, the upper most arm supported, and abundant pad- 
ding placed between the flexed leg. 

4. Gain access by a direct cut down to the preperitoneal plane in the 
mid-clavicular line 2 to 3 cm lateral to the umbilicus. Use blunt fin- 
ger dissection to establish the working space. Introduce a dissecting 
balloon (Origin MedSystems, Menlo Park, California) and advance it 
posteriorly. Insufflate between 800 and 1600 ml into the balloon 
(with the scope in place to observe the resulting dissection). Stop the 
dissection when the aorta is visualized (Fig. 32.8). 

5. Use insufflation at 10 to 15 mm Hg to maintain the created space and 
insert additional ports (5 and 10 mm) under direct vision. Additional 
dissection can be done to allow full access to the aorta between the 
hypogastric takeoff and the renal artery. 

6. Node sampling is done throughout the entire area with the nodes re- 
moved either individually or by placing them in a tissue bag and re- 
moving the bag at the end of the procedure. 

7. Take care to avoid injury to the lumbar sympathetics, anterior spinal 
nerve roots, and ureters. 

8. While efforts are made to remove most of the nodes on the ipsilateral 
side of the tumor, it is also wise to cross the midline and sample 
nodes from the contralateral side. 
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9. For therapeutic dissections, take the nodes in continuity as much as 
possible. This may be combined with an ipsilateral iliac node dissec- 
tion. 

10. No drains are placed, and at the conclusion of the procedure the ret- 
roperitoneum is allowed to deinsufflate, the trocars withdrawn, and 
fascia closed. 





Figure 32.8. Trocar placement for retroperitoneal aortic node dissection. 



G. Iliac Dissection 

Iliac dissection can be performed either transabdominally or properito- 
neally. There is no clear-cut advantage of one approach over the other. Dissec- 
tion is usually bilateral for prostate, cervical, or vulvar cancers, and unilateral 
(ipsilateral) for other malignancies confined to one side of the patient. 
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1. Room setup is the same for both approaches with a single monitor at 

the foot of the bed. 

2. Place the patient supine with arms tucked at the side. 

3. The surgeon stands on the side opposite the initial dissection (Fig. 

32.3). 

4. Three ports are used for both approaches; two 10 mm and one 5 mm. 

5. Place the laparoscope through a trocar in the subumbilical site. 

6. For the transperitoneal approach, the trocars are placed as shown in 

Fig. 32.9. 

a. Incise the peritoneum overlying the iliac artery in a longitudinal 
fashion and dissect the edges of the peritoneum back medial and 
lateral. 

b. The lymphatic tissue lies medial to the iliac artery and vein and 
within the obturator fossa (Fig. 32.10) 

c. Dissect out the nodal tissues in continuity, beginning at the 
femoral ring and working from top to bottom. 

d. Take care not to injure the obturator nerve, which marks the 
posterior boundary of the obturator fossa. 




Figure 32.9. Trocar placement for transperitoneal iliac node dissection. 
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e. Continue the dissection to the iliac bifurcation. Frozen section is 
usually obtained when doing nodes for prostate cancer, and if 
positive, there is no need to perform the contralateral node dis- 
section. 

f. There is debate about closing the resulting peritoneal defect. If 
left open, there is a risk of bowel adhesions to this area. If 
closed, a lymphocele could form potentially compromising the 
iliac vein. If the peritoneum is closed, a closed suction drain 
may be advisable. 

The preperitoneal approach utilizes the same technique used for a 

TEP hernia repair (see Chapter 34, Laparoscopic Inguinal Hernia Re- 
pair). 

a. Enter the pre-peritoneal space via the infraumbilical port. 

b. Create the initial entry into the preperitoneal space by finger dis- 
section. 

c. Pass a dissecting balloon or trocar into die space. If a dissecting 
balloon is not used the pressure of insufflation can be turned up 
(20 mm Hg) and the preperitoneum dissected bluntly using the 
laparoscope. 

d. Once this space is developed, additional trocars may be placed 
along the abdominal midline (Fig. 32.11). The same dissection 
as the transabdominal approach is then performed. A drain is not 
usually placed but the patient should be counseled to watch 
closely for extremity swelling. 




Figure 32.10. Exposure of iliac nodes. 
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Figure 32.1 1. Trocar placement for properitoneal node biopsy. 



H. Complications 

1 . Diffuse bleeding from a peritoneal biopsy site 

a. Cause and prevention. Cancer patients frequently bleed from 
simple biopsies because of hypocoagulability (from decreased 
platelet counts, antiinflammatory medications, clotting factor 
depletion, etc.) or portal hypertension secondary to hepatic or 
extrahepatic tumor involvement. Obtain a coagulation panel be- 
fore surgery and correct any abnormalities. Look for clinical 
signs of portal hypertension (ascites, spider veins, history of 
variceal GI bleeds, etc.) during preoperative assessment; this 
may represent a relative contraindication for the surgery. 

b. Recognition and treatment. Bleeding from a biopsy site is usu- 
ally recognized at the time of biopsy and should be treated by 
judicious electrocautery. If this fails a thrombogenic material 
can be inserted and 5 to 10 minutes of pressure applied. If 
bleeding continues, an endoscopically placed figure-of-eight 
suture tied intracorporally will almost always control the bleed- 
ing. Rarely an extended node dissection will result in diffuse 
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bleeding over a wide area. The laparoscopic argon beam coagu- 
lator can be useful in these circumstances. 

Always check the security of hemostasis by lowering the insuf- 
flation pressure at the end of the procedure. In spite of this, delayed 
bleeding can occur and postoperative lymph node dissection patients 
should be carefully watched for the first 24 hours for signs of bleed- 
ing (tachycardia, increasing pain, dropping hematocrit (Hct), flank 
discoloration from a retroperitoneal bleed). Treatment of delayed 
bleed depends on the hemodynamic stability of the patient. Stable 
patients with mild symptoms may require fluids and/or blood, check 
of coagulation factors, and administration of appropriate factors if in- 
dicated. Unstable patients should be returned to the operating room 
without delay for a laparoscopic or open exploration. 

2. Bleeding from a liver biopsy 

a. Cause and prevention. Cancer patients are at increased risk of 
bleeding. Patients with severe coagulopathy or known portal hy- 
pertension who have to have a liver biopsy should have blood 
products given before surgery to correct anemia and normalize 
coagulation indices. Maximal medical treatment should also be 
undertaken to control ascites (diuretics). 

b. Recognition and treatment. Bleeding from the site of a liver 
biopsy is hard to miss. Needle biopsy site bleeding is almost al- 
ways controllable with cautery. Oozing is controlled with a 
monopolar device set on a high pure coagulating setting. This 
allows arcing of the current and prevents the resulting eschar 
from pulling away with the probe. High pressure bleeds require 
a lower setting and direct contact of the probe to apply pressure 
and heat simultaneously. Recalcitrant bleeding may require 15 
to 20 minutes of direct pressure, argon beam coagulation or in- 
jection of fibrin glue into the needle tract. 

Bleeding from the exposed surface of a wedge resection should 
be controlled with a woven oxadized cellulose material and pressure. 
If this fails, the argon beam coagulator is useful. 

3. Chylous ascites 

a. Cause and prevention: Rarely, disruption of major lymphatic 
Chanels can lead to a massive lymphatic leak and chylous asci- 
tes. Clip or ligate large lymph ducts before division, and perform 
all extended dissections with ultrasonic coagulating shears or 
electrocautery. 

b. Recognition and treatment: Sometimes division of a major 
lymph channel is recognized at the time of the dissection when 
milky chyle appears. Identify the ends of the duct and ligate, 
cauterize, or clip it. Chylous ascites may present many weeks 
after the surgery with increasing abdominal distention and dis- 
comfort (rarely pain). Treatment almost always involves reex- 
ploration, identification of the severed duct, and ligation. 
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4. Lymphocele 

a. Cause and prevention: Minor lymphatic leaks within the peri- 
toneal cavity are seldom a problem because of the absorptive 
capacity of the peritoneum. When a leak occurs within a con- 
fined retroperitoneal space, a lymphocele may result. Lympho- 
celes may be asymptomatic or present with pain or unilateral 
extremity swelling. They can occasionally obstruct venous out- 
flow, and have even been implicated in major venous thrombo- 
sis. It may be prudent to leave a temporary drain in the preperi- 
toneum if it is closed or to leave this space open to the peritoneal 
cavity. 

b. Recognition and treatment. Ipsilateral extremity swelling, a 
palpable mass, and diffuse back pain are signs of a possible 
lymphocele. Ultrasound is the test of choice to make the diagno- 
sis. Treatment usually requires operative intervention via a lapa- 
rotomy or laparoscopy with the goal of opening the retroperito- 
neum, controlling obvious lymph leaks, and either draining the 
space with closed suction drains or leaving it open to the perito- 
neal cavity. Percutaneous drainge is seldom more than a tempo- 
rizing maneuver and could lead to secondary infection. 
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33. Laparoscopic Adrenalectomy 



Marjorie J. Area, M.D. 
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A. Indications and Choice of Operative Approach 

1. Laparoscopic adrenalectomy is a safe alternative to open adrena- 
lectomy for carefully selected patients with a variety of conditions 
(Table 33.1). The largest experience has been with nonfunctioning 
adrenal masses (“incidentalomas”) and with aldosteronomas. The 
laparoscopic dissection of Cushing’s adenoma has been described as 
moderately difficult due to the relatively higher retroperitoneal fat 
content present in these patients. Bilateral adrenalectomies for Cush- 
ing’s disease have been described in patients who failed transsphe- 
noidal pituitary ablation, and laparoscopic removal of pheochromo- 
cytoma has proven a safe alternative in skilled hands. 

Table 33.1. Indications for laparoscopic adrenalectomy 

Functional adrenal cortical masses 

• Cortisol-secreting adenoma (Cushing’s adenoma) 

• Aldosterone-secreting adenoma (Conn’s disease) 

• Adrenal cortical hyperplasia (Cushing’s disease) 
Functional adrenal medullary masses 

• Pheochromocytomas 
Nonfunctional adrenal tumors 

• Adenomas (“incidentalomas”) 



2. Laparoscopic adrenalectomy has been reported in several other con- 
ditions, but is not currently considered standard of care or even a 
routine alternative. These include: 

a. Neuroblastoma 

b. Isolated adrenal metastases 

3. Contraindications to laparoscopic adrenalectomy include: 

a. Adrenal carcinoma 

b. Adrenal masses greater than 10 cm 

c. Untreated coagulopathies 

d. Surgeon inexperience 

4. Two approaches to the adrenal gland will be described in this section. 
The transabdominal approach is appropriate for enlarged glands 
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and is familiar to most surgeons. In selected cases, a retroperitoneal 
(posterior) approach, analogous to the open posterior approach, 
may be more appropriate. Each approach is described separately. 



B. Transabdominal Laparoscopic 
Adrenalectomy — ^Left Adrenal 

The transabdominal approach to the left adrenal gland will be described 
first, followed by the approach to the right adrenal. 

1 . Patient position and room setup 

a. Place the patient in the left lateral decubitus position with the 
left side up (Fig. 33.1). Position a cushion under the right flank 
and a protective roll under the right axilla. The left arm is ex- 
tended over a board and secured. The right arm is positioned 
parallel to the left, suspended on a board, and secured. Flex the 
table to maximize the distance between the costal margin and 
the iliac crest, and secure the patient’s torso and legs to the table 
with a 2-inch cloth tape. 

b. The surgical prep should extend from the nipple to the anterior 
superior iliac spine, and from the midline anteriorly to the spine 
posteriorly. 

c. The surgeon and first assistant stand facing the patient’s abdo- 
men (i.e., on the right side of the patient). 

d. Place two monitors near the head of the table. 

2. Trocar placement and choice of laparoscope 

a. Insert a Veress needle at the left anterior axillary line, ap- 
proximately 2 cm below and parallel to the costal margin. Insuf- 
flate to 15 mm Hg and place a 10-mm trocar at the Veress in- 
sertion point. 

b. Insert a 10-mm 30-degree laparoscope through this port. 

c. Place the second 10-mm trocar under the 11th rib at the mid- 
axillary line. 

d. Place the third 10-nun trocar more medial and anterior to the 
first trocar. Position this trocar along the mid-clavicular line, lat- 
eral to the rectus muscle. 

e. A fourth trocar (5 mm) may be inserted dorsally at the costo- 
vertebral angle to retract the spleen. This port is usually not nec- 
essary in patients with normal-size spleens. 

f. The trocars should be at least 5 cm or, more optimally, 10 cm 
away from each other. 

g. Place the laparoscope through the anteriormost trocar with the 
two middle trocars as the surgeon’s operating ports (Fig. 33.2). 
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Figure 33.1. Patient position for laparoscopic transabdominal left adrenalec- 
tomy. A. Room setup for laparoscopic adrenalectomy. B. Placing the patient in 
the lateral decubitus position takes advantage of patient positioning to roll the 
viscera out of the operative field. 
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Figure 33.2. Placement of trocars in laparoscopic transabdominal left adrena- 
lectomy. Three 10-mm trocars are usually placed initially; if a vascular stapler 
is needed, the middle trocar can be replaced to a 12-mm port. 



3. Performing the left adrenalectomy 

a. Working with laparoscopic dissector and scissors, mobilize the 
splenic flexure medially to expose the lienorenal ligament (see 
Chapters 27, 28, and 31). 

b. Incise the lienorenal ligament inferosuperiorly approximately 1 
cm from the spleen. Stop the dissection when the short gastric 
vessels are visualized posteriorly behind the stomach. This ma- 
neuver allows the spleen to fall medially, exposing the retro- 
peritoneal space. 

c. If necessary, retract the spleen gently with an atraumatic retrac- 
tor passed though the most posterior (fourth) trocar. 

d. Laparoscopic ultrasound may be used as an adjunct to identify 
the adrenal gland, the mass within the gland, and the adrenal 
vein (see Chapter 12). 

e. Grasping the perinephric fat, dissect the lateral and anterior 
part of the adrenal gland. Hook electrocautery or ultrasonic scal- 
pel are useful instruments for this phase of the dissection. 

f. Avoid grasping the adrenal gland or tumor directly, as the frag- 
ile tissue is likely to tear. Sometimes it is possible to grasp the 
connective tissue around the tumor or adrenal gland. At certain 
points in the dissection, the shaft of an instrument may be used 
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to gently push the adrenal gland away from the region of inter- 
est, creating a space in which to work. The shaft of an instru- 
ment may also be used to elevate the adrenal gland. 

g. Tilt the table to the reverse Trendelenburg position. 

h. For smaller adrenals (<5 cm), dissect the adrenal gland infe- 
riomedially. The adrenal vein may be identified early in the 
dissection, dissected using a right-angle instrument, and clipped 
with medium to large titanium clips, using 3 clips proximally 
and 2 clips distally. Continue the dissection superomedially, 
clipping adrenal branches of the inferior phrenic vessels. 

i. For larger glands (>5 cm), dissect the adrenal gland superiorly, 
clipping the adrenal branches of the inferior phrenic vessels. 
Clip and divide the adrenal vein last (Fig. 33.3). 

j. Place the adrenal gland in an appropriately sized impermeable 
nylon bag. Remove the bag through the original trocar site by 
spreading the abdominal wall musculature using a Kelly clamp. 
The abdominal incision may have to be enlarged to remove the 
specimen (Chapter 8, Principles of Specimen Removal). 





Figure 33.3. Division of left adrenal vein. 
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C. Transabdominal Laparoscopic 
Adrenalectomy — ^Right Adrenal 

1. Patient position and room setup are the reverse of those described 

for the left adrenal. 

2. Trocar placement and choice of laparoscope 

a. Insert a Veress needle at the right anterior axillary line, ap- 
proximately 2 cm below and parallel to the costal margin. Pal- 
pate the liver carefully to avoid the edge of the liver. Place a 10- 
mm trocar for the 30-degree angled laparoscope at this site. 

b. Place three additional 10-mm trocars 2 cm below and parallel to 
the subcostal margin. Position one trocar in the right flank, infe- 
rior and posterior to the tip of the 11th rib, and the other two 
more anterior and medial. The most medial trocar should be lat- 
eral to the edge of the ipsilateral rectus muscle. 

c. The trocars should be at least 5 cm or, more optimally, 10 cm 
away from each other (Fig. 33.4). 




Figure 33.4. Trocar placement for transabdominal right adrenalectomy. Four 
10-mm working trocars are used; if a vascular stapler is needed, one of these 
can be changed to a 12-mm port. 
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d. The two most lateral trocars are the surgeon’s operating ports. 

e. The most anterior port is used to place the fan retractor to retract 
the right lobe of the liver anteriorly. 

3. Performing the adrenalectomy 

a. The surgeon works with the laparoscopic dissector and scissors 
passed through the two most lateral ports. 

b. Insert the fan retractor along the most anterior port and retract 
the right hepatic lobe anteriorly. 

c. Lyse the right lateral hepatic attachments and the right trian> 
gular ligament up to the diaphragm. 

d. Laparoscopic ultrasound may be of assistance in identifying 
the anatomy. 

e. Identify the inferolateral edge of the right adrenal gland and 
dissect inferiorly. 

f. Tilt the table to the reverse Trendelenburg position. 

g. For adrenal glands less than 5 cm in diameter, the right adrenal 
vein can be visualized early in the operation. Identify the right 
renal vein in the inferiormost margin of the dissection. Along 
the lateral edge of the vena cava, the right adrenal vein is en- 
countered and isolated using a right-angle instrument. Secure the 
vein proximally with 3 titanium clips and distally with 2 clips 
before transection. Clip and divide the adrenal branches of the 
inferior phrenic vein as the dissection proceeds superiorly (Fig. 
33.5). 





Figure 33.5. Division of right adrenal vein. 
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h. For adrenal glands greater than 5 cm, perform the lateral and 
superior dissection first, then dissect caudally along the vena 
cava to identify the adrenal vein. Transect the vein as previously 
described. 

i. A short fat right adrenal vein may require the vascular endo- 
scopic stapler for secure division. Convert one of the 10 mm tro- 
cars to a 12-mm trocar and carefully pass the stapler, taking 
great care not to tear the vein. 

j. Place the adrenal gland in an impermeable nylon bag and re- 
moved via the original trocar. 



D. Retroperitoneal Laparoscopic Adrenalectomy 

1 . Patient position and room setup 

a. Place the patient in the prone jackknife position, with the arms 
extended cephalad. Place support cushions longitudinally along 
the patient’s torso and flex the table at the waist. 

b. The surgical prep should extend from midscapula to the ante- 
rior superior iliac spines. 

c. The surgeon stands on the side of the pathology. 

d. The first assistant stands opposite the surgeon. 

e. Place two monitors cephalad on each side of the table. 

2. Trocar placement and choice of laparoscope 

a. Insert a balloon trocar into the retroperitoneal space 2.5 cm lat- 
eral to the 12th rib. Inflate the balloon by pumping it 25 to 30 
times. 

b. Pass a 10-mm, 30-d^ree laparoscope through the balloon tro- 
car and inspect the retroperitoneum. 

c. Exchange the balloon trocar for a standard 10-mm trocar. 

d. Place a second 10-mm trocar medially, just lateral to the ipsi- 
lateral erectus spinae muscles. 

e. Place a third 10-mm trocar laterally at the posterior axillary 
line. The most lateral and most medial trocars are the surgeon’s 
operative ports (Fig. 33.6). 

3 . Performance of left adrenalectomy 

a. Identify the kidney and the adrenal gland. 

b. Dissect along the inferomedial boarder of the gland, exposing 
the left renal vein. 

c. Identify the adrenal vein, and clip and divide it. 

d. Dissect and divide the remaining small vascular twigs. 

e. Place the gland in an impermeable nylon bag and remove 
through the original trocar site. 
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Figure 33.6. Placement of trocars in laparoscopic retroperitoneal adrenalec- 
tomy. Three 10-mm trocars are usually used. Bilateral adrenalectomies can be 
performed without repositioning the patient. 
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4. Performance of right adrenalectomy 

a. Identify the kidney and adrenal gland. 

b. Dissect the adrenal gland attachments to the vena cava infero- 
medially, clipping all vascular elements. 

c. Complete the dissection and remove the gland as described pre- 
viously. 



E. Complications 

1 . Hemorrhage 

a. Cause and prevention: Correct any preoperative coagulopa- 
thies. The dissection should consist of meticulous attention to 
hemostasis. Securely clip the proximal portion of the adrenal 
vein at least twice. 

b. Recognition and management: Intraoperative hemorrhage is 
easily identified and may require conversion to an open proce- 
dure if hemostasis cannot be achieved. (See Chapter 6, Princi- 
ples of Laparoscopic Hemostasis.) Postoperative hemorrhage is 
best detected by carefully monitoring the patient’s vital signs 
and urine output overnight. 

2. Damage to intraabdominal or retroperitoneal structures 

a. Cause and prevention: Familiarity with intra-abdominal and 
retroperitoneal anatomy is an absolute must. Before clipping the 
adrenal vein, trace it back to the adrenal gland to avoid damag- 
ing an accessory renal vein. Take care along the superior aspect 
of a left adrenal dissection, as the tail of the pancreas may be 
injured. Retract liver and spleen gently to avoid injury and 
bleeding. 

b. Recognition and management: Damage to the liver or spleen 
will present as intraoperative or postoperative bleeding. Damage 
to the pancreas can present early as pancreatitis or later as pan- 
creatic pseudocyst. These problems are usually self-limited, but 
may require medical or surgical management. 
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A. Indications 

Laparoscopic hernia repair may be performed for the same indications as 
conventional (anterior) repair. The role of laparoscopic inguinal hernia repair in 
treatment of an uncomplicated, unilateral hernia is as yet unresolved. Large, 
randomized, prospective trials will be needed to definitively settle the question 
of whether the added risks and costs are worth the benefits. 

Transabdominal preperitoneal (TAPP) or totally extraperitoneal (TEP) 
laparoscopic inguinal herniorrhaphy may offer specific benefit in the following 
situations: 

1. Recurrent hernia: Laparoscopic repair is a logical choice for pa- 
tients with recurrent inguinal hernias. Conventional (anterior) repair 
for recurrent hernia is technically difficult because of scar tissue and 
distorted anatomy. It carries a failure rate as high as 30% in some se- 
ries. The laparoscopic approach allows the repair to be performed 
through healthy tissue and may achieve a lower failure rate. 

2. Bilateral hernias: Bilateral hernias can be repaired simultaneously 
without additional incisions or trocar sites. 

3. Patients undergoing another laparoscopic procedure: A patient 
with an inguinal hernia can safely undergo laparoscopic herniorrha- 
phy following the completion of the primary laparoscopic procedure. 
For this to succeed: 

a. The primary procedure must not have created contamination by 
spillage of purulent material. 

b. Placement of additional trocars may be required. Hernia repair 
should not be performed using trocars in sub-optimal positions. 
Access and appropriate angles for dissection are critical for lapa- 
roscopic surgery. 
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B. Patient Position and Room Setup — 

TAPP or TEP 

1. Position the patient supine with arms tucked at the side. Extending 
the arms on arm boards may not allow enough room for the surgeon 
to comfortably operate. 

2. The Trendelenburg position allows the bowel to fall away from the 
pelvis, providing excellent access. 

3. The surgeon stands on the opposite side of the table from the hernia. 

4. Place a Foley catheter for continuous decompression of the bladder 
unless the patient voids immediately preoperatively. 

5. Place a single video monitor at the foot of the operating table. Adjust 
the height of the monitor for comfortable viewing by both surgeon 
and assistants. 



C. Transabdominal Preperitoneal (TAPP) 

Approach 

1 . Place the first trocar ( 1 Q- 1 2 mm) at the umbilicus. 

2. Place two additional 10-12 mm trocars lateral to the rectus sheath on 
either side at the level of the umbilicus under direct vision (Fig. 
34.1). Large trocars allow the laparoscope and stapler to be moved 
around for optimal dissection, depending upon anatomy. If 5-mm in- 
struments are available, smaller trocars may be used. For a small, 
unilateral hernia, a 5-mm cannula may be substituted for the 10- to 
12-mm cannula on the ipsilateral side of the hernia. 

3. An angled laparoscope provides the best visualization of the inguinal 
region, which is somewhat anterior (Figs. 34.2 and 34.3). 

4. Inspect both inguinal regions. Identify the median umbilical ligament 
(remnant of the urachus), the medial umbilical ligament (remnant of 
umbilical artery), and the lateral umbilical fold (peritoneal reflection 
over the inferior epigastric artery). If the median umbilical ligament 
appears to compromise exposure, divide it. 

5. Use endoscopic scissors to incise the peritoneum along a line ap- 
proximately 2 cm above the superior edge of the hernia defect, ex- 
tending from the median umbilical ligament to the anterior superior 
iliac spine. 

6. Mobilize the peritoneal flap inferiorly using blunt and sharp dissec- 
tion. 

a. Expose the inferior epigastric vessels, and identify the pubic 
symphysis and lower portion of the rectus abdominis muscle. 

b. Dissect Cooper’s ligament to its junction with the femoral vein. 
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Figure 34.1. Trocar placement for TAPP. 
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Figure 34.2. Male groin anatomy. In the female, the round ligament of the 
uterus leaves the pelvis at the internal ring. 
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Figure 34.3. Anatomy of male pelvis as viewed by angled (30 degree) laparo- 
scope. 



c. Identify the iliopubic tract. Continue the dissection inferiorly, 
with care to avoid an injury to the femoral branch of the genito- 
femoral nerve and the lateral femoral cutaneous nerve which 
enter the lower extremity just below the iliopubic tract. 

d. Complete the dissection by skeletonizing the cord structures. 

7. Direct hernia; Reduce the sac and preperitoneal fat from the hernia 
orifice by gentle traction. 

8. There are two options for indirect hernias: 

a. A small sac is easily mobilized from the cord structures and re- 
duced back into the peritoneal cavity (Fig. 34.4). 

b. A large sac may be difficult to mobilize because of dense adhe- 
sions between the sac and the cord structures due to the chronic- 
ity of the hernia. Undue trauma to the cord may result if an at- 
tempt is made to remove the sac in its entirety. In this situation, 
divide the sac just distal to the internal ring leaving the distal sac 
in situ. This is most easily accomplished by opening the sac on 
the side opposite the cord structures and completing the division 
from the inside. Dissect the proximal sac away from the cord 
structures. 
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Direct hernia defect 



Peritoneal flap 



Figure 34.4. Mobilizing the peritoneal flap for a left direct inguinal hernia. 



9. Next, place a large piece of mesh (at least 11 cm x 6 cm) over the 
myopectineal orifice so that it completely covers the direct, indirect 
and femoral spaces (Fig. 34.5). 

a. The mesh can either be simply laid over the cord structures or a 
slit can be made in the mesh to wrap around the cord structures. 
Most surgeons now avoid the slit in the prosthesis because re- 
currences have been noted through these slits (even when they 
have been closed around the cord). 

b. The large prosthesis allows the intra-abdominal pressure to act 
uniformly over a large area, thus preventing its herniation 
through iht hernia defect in the abdominal wall. 

10. Although not all surgeons think that staple fixation is necessary, 
most feel that migration or shrinkage may be prevented in some pa- 
tients (Fig. 34.6). 

a. Begin stapling along the superior border of the prosthesis. 

b. Place the staples horizontally along the superior border to mini- 
mize the chance of injury to the deeper ilioinguinal or iliohypo- 
gastric nerves. 

c. Place these staples at least 2 cm above the hernia defect begin- 
ning medially above the contralateral pubic tubercle extending 
laterally to the anterior superior iliac spine. 





Figure 34.5. Placement of mesh. A large sheet of mesh is simply laid over the 
entire floor, covering the cord and all myopectineal orifices. 




Direct hernia defect 



Vas deferens + 
internal ring covered 
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Figure 34.6. Staple fixation of mesh. Beware! The lateral femoral cutaneous 
nerve and the genital branch of the genitofemoral nerve cross under the iliopu- 
bic tract lateral to the cord structures. 
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d. Staple the inferior border to Cooper’s ligament medially using 
either a horizontal or vertical orientation depending upon indi- 
vidual patient characteristics (i.e., how the staples best attach). 
Again tibe opposite pubic tubercle marks the area to begin plac- 
ing staples for the inferior border and these are continued over 
the area of the ipsilateral pubic tubercle to the femoral vein. Do 
not place staples directly into either pubic tubercle because 
chronic postoperative pain (osteitis pubis) can result. 

e. Affix the medial and lateral borders using vertically placed sta- 
ples.This is the direction of the lateral cutaneous nerve of the 
thigh and the femoral branch of the genitofemoral nerve. 

f. Lateral to the internal spermatic vessels, place all staples above 
the iliopubic tract. This avoids neuralgia from injury to the lat- 
eral cutaneous nerve of the thigh or the femoral branch of the 
genitofemoral nerve. It is useful to palpate the head of the sta- 
pler through the abdominal wall with the nondominant hand. 
This ensures that stapling is done above the iliopubic tract (Fig. 
34.7). 

1 1 . After stapling is complete, excise any redundant mesh. 

12. Close the peritoneal flap over the mesh with staples. 

a. The goal should be to isolate the prosthesis from intra- 
abdominal viscera. 

b. The authors do not feel that linear approximation of the perito- 
neum is necessary for all patients especially if this results in a 
tenting of the peritoneum because of excessive tension required 
to approximate the two edges. The tenting effect may leave a 
space between the peritoneal flap and the prosthesis. Bowel 
might migrate into this space resulting in bowel obstruction. 

c. Occasionally, it is necessary to simply cover the mesh with the 
inferior flap leaving exposed transversalis fascia. 

d. Avoid excess gaps between staples; bowel can herniate or ad- 
here to the mesh through these defects. 

e. It may be helpful to decrease the pneumoperitoneum prior to 
flap closure (Fig. 34.8). 

13. Inject a long-acting local anesthetic such as bupivacaine into the pre- 
peritoneal space before closure, if desired, to decrease postoperative 
pain. 

14. Bilateral hernias can be repaired using one long transverse perito- 
neal incision extending from one anterior superior iliac spine to the 
other. 

a. Another option is to make two separate peritoneal incisions pre- 
serving the peritoneum between the medial umbilical ligaments 
but still dissecting the preperitoneal space over the symphysis 
pubis. This has the theoretical advantage of avoiding damage to 
a patent urachus. 

b. A large single piece of mesh measuring 30 cm x 7.5 cm can be 
stapled from one anterior, superior iliac spine to the other ante- 
rior superior iliac spine. 
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Figure 34.7. Surgeon using nondominant (left) hand to palpate the head of the 
stapler through the anterior abdominal wall, thus verifying stapler position 
relative to external landmarks and providing counterpressure. 




Figure 34.8. Closing peritoneal flap over the mesh with staples. 
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c. Some surgeons prefer two separate pieces of mesh because of 
concern that placing the mesh across the bladder could interfere 
with bladder function. Also, it is technically easier to manipulate 
two pieces separately and tailor them more accurately to fit the 
preperitoneal space on either side. 



D. Totally Extraperitoneal (TEP) Approach 

1. Make the skin incision for the first trocar (10-12 mm) at the umbili- 
cus. Open the anterior rectus sheath on the ipsilateral side and retract 
the muscle laterally to expose the posterior rectus sheath. 

a. Following the incision of the anterior rectus sheath and retrac- 
tion of the muscle laterally, insert a finger over the posterior 
rectus sheath and gently develop this space. 

b. Insert a transparent balloon tipped trocar into this space directed 
toward the pubic symphysis. Place the laparoscope in the trocar. 
Under direct vision, inflate the balloon to create the extraperito- 
neal tunnel or space. 

2. Place two additional trocars in the midline under direct vision: the 
second (5-mm) at the pubic symphysis and the third (10-12 mm) 
midway between the first and second (Figs. 34.9 and 34.10). 




Figure 34.9. Trocar placement for TEP. 
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Figure 34.10. Sagittal view of extraperitoneal dissection. A space is developed 
between peritoneum and abdominal wall. Note that the bladder is mobilized 
downward. 



a. Place these trocars by incising the skin with a scalpel, then blunt 
dissection with a hemostat under direct vision. 

b. Avoid using a standard trocar, as inadvertent penetration 
through the narrow preperitoneal space into the peritoneal cavity 
may result. 

3. Use an angled laparoscope to provide the best visualization of the in- 
guinal region (which is somewhat anterior). 

4. Complete the dissection of the preperitoneal space, placement of 
mesh and stapling in a similar manner to that described for TAPP 
procedure (Fig. 34.1 1). 

5. Bilateral hernias can be repaired with the use of either a single large 
prosthesis or two separate pieces. 
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Figure 34.1 1. Mesh stapled in place using TEP approach. 



F. Complications 

As laparoscopic procedures, both TAPP and TEP may incur any of the 
complications of laparoscopy, including major vascular injury, injury to hollow 
viscera, complications of pneumoperitoneum, or complications associated with 
anesthesia. This section describes several specific complications related to the 
actual laparoscopic surgical procedures. 

1. Vascular injuries 

a. Cause and prevention: Injuries to the inferior epigastric and 
spermatic vessels are the most common vascular injuries re- 
ported during laparoscopic inguinal herniorrhaphy in the litera- 
ture. Other vessels at risk include the external iliac, circumflex 
iliac profunda, and obturator vessels. Of course, vascular injury 
can occur during the initial trocar or Veress needle insertion as 
with any laparoscopic procedure. Inexperience, anatomical 
variations, and confusion during dissection, especially if the pa- 
tient has had previous lower abdominal surgery, predisposes pa- 
tients to vascular injuries. Use of the open laparoscopic tech- 
nique for insertion of the initial cannula, meticulous dissection, 
and absolute identification of important landmarks are essential 
in preventing these injuries. 

b. Recognition and management: Bleeding is easily recognized 
at the time of surgery. Delayed bleeding may present with signs 
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and symptoms of hypovolemia. All vessels in the inguinal re- 
gion except for the external iliacs can be safely ligated. Injury to 
the external iliac vessels requires immediate repair. 

2. Urinary tract complications 

a. Cause and Prevention: Urinary retention, urinary infection and 
hematuria are the most common patient complications reported 
in the literature and are usually secondary to urinary catheteri- 
zation, extensive preperitoneal dissection, general anesthesia, 
and/or administration of large volumes of intravenous fluids. 
Bladder injury is one of the more common complications of 
laparoscopic herniorrhaphy. It is most commonly seen in pa- 
tients with previous “space of Retzius” surgery. Previous sur- 
gery in this space (i.e., a prostate operation) should be con- 
sidered a relative contraindication to laproscopic hernia 
repair. Renal and ureteral injuries have been seen with off- 
center trocar insertion. Careful technique should prevent these 
injuries. 

b. Recognition and management: Transient urinary catheteriza- 
tion and a short course of antibiotics usually solves problems 
with retention or infection. If a bladder injury is recognized 
during hernia repair, it should be repaired immediately either 
laparoscopically or via conventional laparotomy if necessary. A 
conventional herniorrhaphy without a prosthesis should then be 
performed to avoid the need to place a foreign body next to the 
bladder repair. A high index of suspicion is the key to the diag- 
nosis of a missed urinary tract injury. Lower abdominal pain, 
distended bladder, dysuria, and hematuria should be promptly 
investigated. Other signs may include azotemia, electrolyte ab- 
normalities, and ascites. Indwelling catheter drainage alone may 
suffice for retroperitoneal bladder injuries, but intraperitoneal 
perforations are best closed either laparoscopically or by a lapa- 
rotomy. 

3. Nerve injury 

a. Cause and prevention: The femoral branch of the genitofemo- 
ral nerve, the lateral cutaneous nerve of the thigh, and the inter- 
mediate cutaneous branch of the anterior branch of the femoral 
nerve are at risk of damage during laparoscopic herniorrhaphy 
because of (a) failure to appreciate the anatomy from the poste- 
rior aspect; (b) difficulty in visualizing the nerves preperito- 
neally; (c) variable course of the nerves in this region; (d) im- 
proper staple placement; or (e) extensive preperitoneal 
dissection. 

b. Recognition and management: Symptoms of burning pain and 
numbness usually develop after a variable interval in the postop- 
erative period. If the neuralgia is present in the recovery room, 
immediate reexploration is the best course of action. When the 
symptoms are delayed in onset, the condition is usually self- 
limiting. In the majority of cases nonsteroidal anti-inflammatory 
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agents are sufficient. Reexploration and removal of the offend- 
ing staple may occasionally be required. 

Vas deferens and testicular complications 

a. Cause and prevention: The majority of these complications are 
transient and self-limiting including testicular pain, testicular 
swelling, orchitis, and epididymitis. Testicular pain may be the 
result of trauma to the genitofemoral nerve or to the sympathetic 
innervation of the testis during dissection around the cord 
structures or during separation of the peritoneum from the cord 
structures. Testicular swelling may be secondary to narrowing of 
the deep inguinal ring, ischemia, or from interruption of lym- 
phatic or venous vessels resulting from attempts at complete re- 
moval of a large indirect inguinal hernia sac. Transection of the 
vas deferens or testicular atrophy are seen in about the same in- 
cidence as conventional surgery. Avoiding excessive tightening 
of the deep inguinal ring, gently dissecting around the cord 
structures, and avoiding complete removal of large indirect her- 
nia sacs reduce vas deferens and testicular complications. 

b. Recognition and management: Most cord and testicular com- 
plications are treated by supportive care such as testicular sup- 
port, limitation of activities, and analgesics. If the vas deferens 
is transected, the cut ends should be repaired with fine, inter- 
rupted sutures unless fertility is not a consideration. There is no 
treatment for unilateral testicular atrophy. The recommended 
treatment for bilateral testicular atrophy is the administration of 
parenteral testosterone usually by intramuscular injection. 

Complications related to the mesh 

a. Cause and prevention: Migration of mesh, infection of mesh, 
mass lesions representing palpable mesh, adhesion formation, 
and erosion of die mesh into intra-abdominal organs have been 
reported following laparoscopic herniorrhaphy. Fixation of mesh 
prevents migration. The use of preoperative prophylactic antibi- 
otics is recommended to prevent mesh infection. Adhesion for- 
mation is least likely to occur following the TEP procedure as 
the mesh is never in contact with intra-abdominal organs unless 
there are unrecognized perforations of the peritoneum. Follow- 
ing the TAPP procedure, adequate closure of the peritoneum 
over the mesh is the most important factor in preventing compli- 
cations such as bowel herniating through large gaps and/or be- 
coming adherent to exposed mesh. Minimizing trauma, avoiding 
infection, sparing the blood supply, and avoiding exposed mesh 
decreases the incidence of adhesion formation. 

b. Recognition and management: Mesh complications usually 
manifest themselves weeks to years following the repair in the 
form of small bowel obstruction, abscess or fistula. Tliese may 
respond to conservative management or may require formal 
laparotomy. 
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6. Recurrence of the hernia 

a. Cause and prevention: Recurrence may be due to a variety of 
mechanisms (Table 34.1). 

Table 34. 1 . Potential mechanisms for recurrence 

Incomplete dissection 
Missed hernias 

Inadequate identification of landmarks 
Prosthesis rolls up rather than lying flat 
Mesh too small 

Incomplete coverage of all defects 
Migration of the mesh 
Mesh slit and placed around cord 
Slit may be site of recurrence 
Folding or invagination of mesh into defect 
Displacement of mesh by hematoma 



The authors feel that a thorough dissection of the preperitoneal space with 
identification of all the landmarks followed by fixation of a large-size mesh that 
adequately covers and overlaps the entire myopectineal orifice without slitting 
or folding is the best way to avoid recurrence. 

b. Recognition and management: Recurrence is noted by the pa- 
tient or physician as a lump or pain in the groin. Either a repeat 
laparoscopic repair or a conventional repair will be needed to 
correct the recurrence. 

7. Miscellaneous complications 

a. Cause and prevention: Pubic and pelvic osteitis are usually 
caused by placing a staple into bone. Placing staples on the ante- 
rior and superior portion of Cooper’s ligament or avoiding fix- 
ing mesh altogether prevents these complications. Groin seroma 
and hematoma usually occur due to extensive dissection or in- 
adequate hemostasis. Wound infection may be prevented using 
meticulous sterile technique. 

b. Recognition and management: Pubic and pelvic osteitis are 
difficult to diagnose. The diagnosis is essentially one of exclu- 
sion. Simple measures such as anti-inflammatory agents and an- 
algesia may be helpful. Groin hematoma or seroma may require 
evacuation or aspiration. Wound infection will require a course 
of antibiotics after drainage and may require removal of the 
mesh prosthesis if the infection extends to the groin. 
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35. Laparoscopic Repair of 
Ventral Hernia 



Gerald M. Larson, M.D. 



A. Indications and Contraindications 

1 . The general indication for a laparoscopic repair of a ventral hernia 
is the presence of a hernia with a fascial defect 3 cm or greater in pa- 
tients who would otherwise meet the criteria for a traditional open 
surgical repair. Small hernia defects less than 3 cm in diameter are 
readily repaired by standard techniques, and the laparoscopic ap- 
proach usually offers no advantage to the patient. Abdominal wall 
hernias in the midline or in the upper and lower quadrants are equally 
accessible by the laparoscopic approach. Special conditions include: 

a. The incarcerated hernia can be repaired laparoscopically if 
one can obtain a good laparoscopic view of the hernia and its 
contents, dissect the adhesions, and reduce the hernia. 

b. In the multiply operated abdomen, the extent and density of 
adhesions are the main determinants of length and difficulty of 
laparoscopic ventral hernia repair. Adhesion formation is unpre- 
dictable; terefore, multiple previous operations do not preclude 
the laparoscopic approach provided that an entry point for the 
first trocar can be obtained and a pneumoperitoneum safely es- 
tablished. 

c. Swiss-cheese hernias (multiple small defects) are actually a 
good indication for the laparoscopic approach because the num- 
ber of fascial defects and extent of hernia formation are often 
greater than expected. The laparoscopic approach allows a clear 
delineation of all defects, so that the mesh prosthesis is tailored 
accordingly. 

2. Contraindications to laparoscopic repair of ventral hernia include 
the densely scarred abdomen (in which it is impossible to safely in- 
troduce a trocar or establish pneumoperitoneum), and the acute ab- 
domen with strangulated or infarcted bowel. 



B. Patient Preparation and Room Setup 

1 . Place the patient supine on the operating table with arms extended. 

2. For most midline hernias, the surgeon stands on either the patient’s 
left or right with the video monitor positioned on the opposite side so 
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that the surgeon’s view on the screen is parallel and in line with the 
laparoscopic repair of the hernia within the abdomen. 

3. The assistant stands opposite the surgeon, and a second monitor is 
placed in a suitable position. 

4. In addition to the standard preoperative preparation, consider bowel 
prep if an incarcerated hernia with colon involvement is suspected. 



C. Trocar Position and Choice of Laparoscope 
(Fig. 35.1) 

1. The author prefers open access with a Hasson cannula because of the 
likelihood of adhesions and bowel fixed to the abdominal wall. Place 
the cannula in the lower midline, 2 or 3 inches away from the lower 
extent of the hernia. Establish pneumoperitoneum and insert a direct 
view laparoscope (0 degree) to facilitate insertion of the other trocars. 

2. Place two additional 10-mm trocars in the abdomen on the patient’s 
left side as far lateral as possible. Specific port placement will depend 
on the size and location of the hernia. Establishing the pneumoperito- 
neum through a midline trocar facilitates safe placement of lateral 
trocars and minimizes the risk of injury to the colon. It is more diffi- 
cult to place the initial trocar in a left lateral location because it is 
necessary to dissect through the three muscle layers rather than the 
linea alba only, the air seal is not always tight, and one is concerned 
about proximity to the colon. 

3. Work with dissecting and grasping forceps and scissors to first take 
down the adhesions, reduce the hernia, and outline the defect in the 
fascia. The scope can be placed in any port so that the surgeon’s view 
and the direction of the dissection are in the same direction. 

4. For an optimal view and exposure it is best that the working ports be 
as far away from the hernia defect as possible. Since the mesh will 
overlap the defect by about 2 cm, a very lateral or inferior position of 
the trocar site maximizes the view and efficiency of the instruments 
when unrolling the mesh and placing the tacking sutures to hold the 
mesh in place. It may be necessary to place an additional trocar if 
none of the existing sites are optimal. 

5. For most of the initial dissection, a straight (0 degree) laparoscope is 
preferred (some surgeons use it for the entire procedure). Once the 
hernia defect is exposed, an angled (30 degree) laparoscope provides 
a better view for proper placement of the mesh over the hernia defect 
and for suturing it in place. 

6. An extra 5-mm port may be necessary in the opposite lower quadrant 
to assist with the dissection and then to position and suture the mesh 
to the muscle-fascia layer later in the procedure. 

7. Trocar position is to some extent a matter of surgeon’s choice and 
preference, and must be modified for hernias of various locations. 

a. Some surgeons may choose to stand on the patient’s right but 
the same principles described above would apply. 
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b. For patients with subcostal hernias, the second and third trocar 
sites may move from the extreme lateral position to a more cen- 
tral inferior position in the abdomen, which will give good ac- 
cess to the length and breadth of the hernia defect. 




Figure 35.1. Demonstration of port placement for repair of a ventral hernia in 
the upper abdomen. Place the first trocar in the lower midline, 2 or 3 inches 
inferior to the ventral hernia. Ventral hernias in the lower abdomen require 
placement of the camera port in the upper abdomen. 



D. The Technique of Laparoscopic Hernia Repair 

This type of hernia repair is an intra-abdominal, intraperitoneal repair diat 
uses a mesh prosthesis to close and cover the hernia defect. The hernia defect 
itself is not closed. The mesh is anchored and held in position with transfascial 
mattress sutures (2-0 or 0) at each comer of the repair; usually 4 mattress su- 
tures, but for larger hernias 8 or more mattress sutures, are appropriate. The 
sutures are tied through a small stab incision in the skin and tied subcutane- 
ously. In between the mattress sutures the mesh is tacked or stapled to the ab- 
dominal wall fascia at 1-cm intervals with special hernia staples or spiral tacks. 

An important principle is that the mesh is tailored or trimmed so that it is 2 
cm wider than the hernia defect on all four sides, thus permitting the prosthesis 
to be anchored and held in place to the solid musculofascial layer (Fig. 35.2). 
The mesh should be placed in some tension when it is sewn into place. 
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Figure 35.2. Cut the mesh prosthesis to the desired size and mark its intended 
location on the anterior abdominal wall. The shaded area indicates the ap- 
proximate outline of the ventral hernia, and the mesh is indicated by cross- 
hatches. The mesh should extend beyond the hernia defect by 2 cm or more on 
all sides. This 2 cm cuff will be used to anchor the mesh to the solid tissue sur- 
rounding the defect for the repair. 



1 . The first objective of the operation is to expose the hernia defect. 

a. Begin by dissecting the small bowel, omentum, and adhesions 
from the abdominal wall to expose the hernia defect (Fig. 35.3). 

b. External pressure applied to the abdominal wall and to the her- 
nia assists in maintaining orientation and identifying the edge of 
the hernia. Frequently more than one defect is present. 

c. A variety of instruments aid in the dissection; standard grasping 
and dissecting forceps, a sharp scissor, bowel clamps, and Bab- 
cock forceps all may be useful. The ultrasonic scalpel can be in- 
valuable for dividing tissue and avoiding bleeding. Dissecting 
forceps and scissors should have electrocautery attachments. 

2. Identify the edge of the defect by one of several methods. 




35. Laparoscopic Repair of Ventral Hernia 



383 






Figure 35.3. Laparoscopic view of a ventral hernia with incarcerated omentum. 
The hernia contents must be dissected free from the abdominal wall to expose 
the hernia defect. 



a. Push an intra-abdominal instrument against a palpating finger on 
the abdomen and mark the position of the edge. 

b. Pass needles through the abdominal wall, and confirm the posi- 
tion of the hernia defect relative to the needles by visual com- 
parison. 

3. Mark the edges of the defect on the skin with a marking pen. 

4. Two types of mesh are currently available — a polypropylene mesh 
and an expanded polytetrafluoroethylene prosthesis. Choice is largely 
a matter of personal preferance. Select a piece of appropriate size and 
tailor the mesh prosthesis in such a manner as to allow a 2-cm cuff or 
margin lateral to the fascial defect in all directions. Mark the mesh 
with a colored pen so that it is readily obvious which side faces the 
fascia and which side faces the viscera. It is also helpful to mark the 
comers of the mesh 1, 2, 3, and 4 (unless the defect is circular) to 
maintain the proper orientation when the mesh is being tacked in 
place (Fig. 35.4). 

5. Roll the mesh around a grasping forceps and insert it into the abdo- 
men. 

6. Horizontal mattress sutures, passed through the mesh and all layers of 
the abdominal wall, anchor the four comers of the mesh to solid por- 
tions of the musculofascial layer. 
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Figure 35.4. Method of mesh fixation with a suture passer. Use the suture pas- 
ser to introduce the suture through the musculofascial layer, the mesh, and then 
back out through all layers as a mattress suture. Use four to eight mattress su- 
tures to anchor the mesh, depending on the size of the hernia and the surgeon’s 
preference. Knot the sutures subcutaneously. Use hernia tackers or staples to 
fix the mesh to the abdominal wall between the mattress sutures. 



a. Either a short Keith needle or a specially designed suture passer 
may be used. 

b. Use 2-0 braided or monofilament nonabsorbable suture for the 
suture passer. Heavier sutures do not pass easily. 

c. Make a small incision in the skin. This will allow the suture to 
be tied subcutaneously. 

d. Pass the suture through the abdominal wall (out to in), through 
and through the mesh (horizontal bite), and then back through 
the abdominal wall (in to out). 

e. Tie the sutures subcutaneously. 

f. The suture passer has a grasping jaw to carry a suture through a 
small skin incision through the abdominal wall (and solid fascia) 
into the abdomen and through the mesh. The suture is released, 
and the passer is removed and reinserted through the same skin 
site so that it will grasp the suture 1 cm away from the last entry 
point in the mesh and create a 1-cm mattress suture. 

7. For hernias measuring 3 to 5 cm, four anchoring sutures located at 
90-degree intervals around the defect are adequate. For hernias larger 
than 5 cm, the author prefers to place eight of these mattress sutures 
using the suture passer technique and then supplementing the fixation 
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of the mesh to the abdominal fascia with either a stapler or a spiral 
tacker in between at 1-cm intervals. The interval distance is important 
so that bowel has no entry point between the clips, which could cause 
an obstruction. 

8. The horizontal bite through the mesh is important. This allows the 
mesh to act as a pledget, thus preventing the suture from cutting 
through the fascia. 

9. Close the trocar sites and small skin incisions in the usual fashion. 



E. Complications 

Complications include trocar site and wound infection, urinary retention, 
and postoperative ileus. Dissection of adhesions and manipulation of bowel 
may result in injury (see Chapter 10.3, Previous Abdominal Surgery). 

Recurrence is the complication unique to hernia repair. The risk can be 
minimized by adhering to sound surgical principles, clearly identifying all fas- 
cial defects, and placing the mesh properly with solid fixation to sound tissue. 
The mesh must be sufficiently large, and must be sutured under some (but not 
excessive) tension. 

The wound infection rate should be no greater than for other laparoscopic 
procedures of similar magnitude. Infections can generally be treated by opening 
the wound. This must be done in a timely fashion so that the anchoring sutures 
are not jeopardized. 

Mechanical bowel obstruction may result from internal herniation of 
bowel between anchoring sutures or clips. This may require laparotomy for 
repair. 
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36. Pediatric Laparoscopy: 
General Considerations 
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A. Indications 

Many common pediatric disorders can be treated using laparoscopy (Table 
36.1). Just as with laparoscopic surgery in adult patients, the degree of benefit 
from the laparoscopic approach varies from procedure to procedure. 

Table 36.1. Partial list of pediatric laparoscopic procedures 

• Appendectomy 

• Cholecystectomy 

• Contralateral Exploration for Inguinal Hernias 

• Pyloromyotomy 

• Fundoplication for Gastroesophageal Reflux 

• Splenectomy 

• Staging for Cancer 



B. Contraindications 

Absolute contraindications to laparoscopy in children are similar to those 
in adult patients. These include: 

1. Uncorrected coagulopathy 

2. Hemodynamic instability or shock 

3. Diffuse, dense abdominal adhesions that preclude safe access 



C. Patient Position, Room Setup, and Preparation 

The surgeon usually stands facing the structure to be operated on, and the 
video monitor should be in the line of sight of the operating surgeon. The gen- 
eral principles of room setup discussed in Chapters 1 and 2 apply to pediatric 
laparoscopy. Patient position is discussed with individual procedures in Chapter 
37. 

Specific considerations for preparing the pediatric patient include: 
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1 . Crede’s maneuver to empty the bladder for short or upper abdominal 
procedures. 

2. Foley catheter for long procedures during which excessive blood loss 
is anticipated or for pelvic or lower abdominal procedures. 

3. Naso- or orogastric suction to empty the stomach before beginning a 
laparoscopic procedure. 

4. Consideration for prophylactic antibiotics to prevent trocar site infec- 
tions. 



D. Instruments and Choice of Laparoscope 

Most pediatric procedures can be performed using 5-mm telescopes. 

1 . Zero-degree telescopes are suitable for many procedures. 

2. Thirty-degree telescopes are useful for upper abdominal procedures 
and for laparoscopic suturing. 

3. Smaller scopes, readily available in centers where pediatric cystos- 
copy or bronchoscopy are performed, are useful for some procedures, 
particularly in infants. These instruments vary from 1.7 to 4 mm in 
diameter and have viewing angles ranging from zero to 70 degrees. 

Specially designed small-diameter pediatric laparoscopic instruments are 
available. These may be supplemented with arthroscopic knives and other spe- 
cialized instruments as desired. 



E. Access to the Abdomen 

Infants and children have a “shallow abdominal cavity”. The first trocar 
(usually at the umbilicus) is best inserted under direct visualization using an 

open technique: 

1. Cleanse the umbilicus of the infant meticulously before the routine 
surgical prep since it is often full of debris. 

2. Make a transverse incision in the inferior rim of the umbilical ring 
using a number 15 surgical blade. 

3. Enlarge this incision by inserting the tips of a hemostat into the 
wound and spreading the jaws of the instrument perpendicular to the 
transverse incision. Perform this maneuver slowly and deliberately to 
allow the skin to separate along the direction of Langer’s lines. 

4. Grasp the midline fascia with two hemostats so that the wound can be 
opened in the midline, dividing the umbilical ring when appropriate. 

5. Open the peritoneum and insert the trocar under direct vision. 

6. Insert the laparoscope to assure that the trocar is in the proper posi- 
tion and that there is a free space in the peritoneal cavity. 

7. Secure the trocar in place with sutures or other securing mechanisms 
to prevent its dislodgment. 

8. Begin insufflation with CO^ to 8-12 mm Hg as tolerated. 

9. Insert secondary trocars sharply. 
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a. Make a small skin incision at the trocar insertion site. 

b. Insert the trocar while observing the procedure with the laparo- 
scope in place. 

c. As the trocar is inserted with a steady downward pressure, ele- 
vate the abdominal wall medial to the point of insertion to flat- 
ten the abdominal wall. 

d. As soon as the tip of the trocar can be seen entering the perito- 
neal cavity (and thus “snagging” the peritoneum), aim the trocar 
directly for the camera, which is withdrawn into its cannula. (In 
this way, with the trocar aimed at the camera, the tip of the tro- 
car is always in site and cannot cause visceral or vascular in- 
jury). 

10. Trocar sites can be infiltrated with a long-lasting local anesthetic (at 
the time of trocar insertion for short procedures and at the end of the 
procedure for long procedures), keeping in mind appropriate dose 
limitations to avoid drug toxicity. 
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A. Appendectomy 

Laparoscopic appendectomy may be a beneficial procedure for the obese 
patient, a teenage female patient, and for the patient with chronic abdominal 
pain in whom the diagnosis of appendicitis is in question. For the thin, small 
child, this approach is not beneficial. The potential advantages of the laparo- 
scopic approach should be weighed individually and this technique should be 
used selectively in children. 

1. Place a 12-mm cannula through the umbilical “cut-down” site, and 
two 5-mm ports in the left lower quadrant and suprapubic region, re- 
spectively. 

2. Pass a grasper (held in the left hand) through the suprapubic port and 
grasp the appendix. Elevate the appendix toward the anterior ab- 
dominal wall. 

3. Use a dissector (held in the right hand) to create a window in the 
mesoappendix. 

4. Once exploration, dissection, and mobilization are complete, place a 
5-mm laparoscope through the left lower quadrant port. 

5. Pass an endoscopic linear stapling device (vascular load) through the 
umbilical port. 

6. Ligate and divide the mesoappendix and appendix with the endo- 
scopic stapler. 

7. An alternate technique similar to that of adults can be used in larger 
children. This technique utilizes a 5-mm umbilical port for the cam- 
era, a 5-mm right upper quadrant port for instrumentation, and a 10- 
to 12-mm port in the right lower quadrant for clips and stapling in- 
struments. 



B. Cholecystectomy 

Laparoscopic cholecystectomy is preferred to an open technique and is in- 
dicated in children with cholelithiasis. Causes of cholelithiasis in children in- 
clude chronic hemolysis, total parenteral nutrition, and cystic fibrosis. 

1. Use a four-cannula technique similar to that for adults with some 
modifications. 

a. Consider placing the epigastric port more to the patients left. 
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b. In infants and small children, the liver can extend well below the 
costal margin; thus, the subcostal ports should be placed with 
this in mind. 

c. The right-sided lowest port can be placed closer to the inguinal 
crease and a 5-mm telescope is satisfactory for use in smaller 
children. 

d. A 10- or 5-mm port is required for insertion of the endoscopic 
clip applier. 

2. The technique of laparoscopic cholecystectomy is similar to that for 
adults. 

3. If cholelithiasis is present in a child with hereditary spherocytosis un- 
dergoing laproscopic splenectomy, the gallbladder is removed prior 
to splenectomy at the same laparoscopic operative setting. 



C. Splenectomy 

Laparoscopic Splenectomy may be the procedure of choice for removal of 
the normal or near-normal-sized spleen. 

1. Position the patient in the right lateral decubitus position (Fig. 
37.1.1). Utilize a four-port technique. 

2. The operating table can be flexed at the flank position to widen the 
distance between the rib edge and the superior iliac crest. This will 
improve the work space of the left lateral port. 

3. A 30-degree laparoscope will improve exposure of the left upper 
quadrant. 

4. Divide the inferior attachments of the spleen, including the splenoco- 
lic and peritoneal attachments, with cautery or the ultrasonic scalpel. 

5. Make a window in the gastrosplenic ligament and individually divide 
the short gastric vessels with the ultrasonic scalpel or hemoclips. 

6. Control the splenic hilar blood supply with an endoscopic vascular 
loaded linear stapler (author’s preference), or individually ligate the 
artery and vein with hemoclips. 

7. Use a large, spring-loaded, sturdy laparoscopic bag for splenic re- 
trieval and morcellation. 

8. Morcellate the spleen by passing a ring forceps into the mid-subcostal 
port site and crushing and extracting the spleen. 
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Figure 37.1.1. Patient position and trocar sites for pediatric laparoscopic sple- 
nectomy. Note that the patient is in the lateral position, and the operating table 
has been flexed to increase the distance between costal margin and superior ilac 
crest. 



D. Fundoplication 

Avoiding a large upper abdominal incision is of special benefit to neuro- 
logically impaired children in need of an antireflux procedure. Due to the high 
incidence of postoperative pulmonary complications, this group of patients can 
benefit immensely from a laparoscopic approach. 

1 . Position the patient supine. 

2. Use a four-cannula technique. A fifth cannula may be needed for re- 
traction of the left hepatic lobe (Fig. 37.1.2). 

3. Port positioning and technique is similar to that for adults (see Chap- 
ter 16). 

4. Complete and partial (posterior or anterior) fundoplication can be 
satisfactorily performed in children. 

5. The short gastric vessels may be divided with the ultrasonic scalpel 
or hemoclips, but this step is not always necessary if a loose and ten- 
sion free wrap is easily achieved. 

6. An endostitch suturing device is useful for creating the fundic wrap 
of choice. 
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Figure 37.1.2. Port site placement for pediatric laparoscopic fundoplication. 
The right upper quadrant port is optional and used for retracting the left hepatic 
lobe. 



7. Judge the correct size of bougie to use while constructing the wrap by 
the size of the esophagus. Generally a 26- to 28-French bougie is 
used in small infants, a 40-French bougie in young children, and a 
50-to 60-French bougie in adolescents. 

8. Several techniques for placing a gastrostomy tube following fundo- 
plication have been described, but placement of a percutaneous endo- 
scopic gastrostomy (PEG) tube under direct vision with the laparo- 
scope is safe and efficient. 



E. Gastrostomy 

The laparoscopically guided technique is especially useful in children 
needing a gastrostomy tube who have marked spinal deformities. PEG place- 
ment is often difficult and hazardous in these patients due to the abnormal 
anatomic position of the stomach. The technique is essentially a laparoscopi- 
cally guided PEG technique (see Chapter 43.2.6, Percutaneous Endoscopic 
Feeding Tube Placement). 
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1. This technique is useful when the “light reflex” reflected from the 
endoscope through the anterior abdominal wall is unsatisfactory. 

2. Place a 5-mm laparoscope through an umbilical port and use minimal 
insufflation — just sufficient to obtain a clear view of the stomach 
during PEG placement. 

3. The PEG is performed in the usual fashion, with laparoscopic con- 
firmation. 



F. Laparoscopy for Undescended Testis 

The benefits of an initial laparoscopic approach in the management of a 
nonpalpable testis include the ability to explore for an intraabdominal testis, 
and the opportunity to ligate vessels for the first stage of a Fowler-Stevens 
orchiopexy. Laparoscopic orchiectomy is also advocated in teenagers and 
younger children with an atrophic testis or ambiguous external genitalia. In 
approximately 15 to 20% of patients with an empty scrotum, the testis is not 
palpated and laparoscopic exploration via an umbilical port is then performed: 

1 . If an intraabdominal testis is found, the vascular pedicle is ligated 
approximately 1 cm from the testis using a 2 or 3 port technique. Six 
to nine months later, the patient returns for the second stage of the 
Fowler-Stevens orchiopexy at which time the testis is nourished by 
vasal collateral supply. 

2. If an atrophic residual intraabdominal testis is noted, a laparo- 
scopic orchiectomy can be performed. 

3. If no testis is detected on laparoscopic exploration and a blind ending 
cord is noted, the procedure is concluded. 

4. If the cord passes into the internal inguinal ring, the laparoscope is 
removed and an inguinal exploration is done in standard fashion. 



G. Ovarian Pathology 

Ovarian pathology can cause abdominal pain in adolescents as the result of 
rupture of a cyst, hemorrhage, or torsion. 

1 . Laparoscopic exploration is carried out through an umbilical port. 

2. Insert an additional 5 mm trocar either suprapubically or on the ipsi- 
lateral side to aide in detorsion of the ovary. 

3. Identify a torsed ovary by the congested appearance of the adnexa. If 
no permanent injury is observed, untwist the lesion. 

4. If the ovary is not viable, or if a neoplastic lesion is suspected, then 
the ovary may be removed laparoscopically or the procedure con- 
verted to an open laparotomy. 

5. Ovarian cystectomy can also be performed laparoscopically if a sim- 
ple cyst is noted. 




394 Anthony Sandler 



H. Pull-Through Operation for Hirschsprung’s 
Disease 

Hirschprung’s disease is characterized by bowel obstruction secondary to 
congenital absence of ganglia in both the myenteric and submucosal plexus of 
the distal colon. The extent of the diseased colon is variable, but always in- 
volves the rectum and extends proximally. Absence of ganglia in the enteric 
plexuses results in failure of relaxation and peristalsis of the involved bowel. 
Long-term follow-up is needed for validation of laparoscopic techniques in the 
management of this disease, but the Duhamel, Swenson, and Soave type colo- 
anal pull-through procedures have all been performed by a laparoscopic ap- 
proach. 

1. Three 5 mm ports and one 10 mm port are used with the patient 
placed horizontally across the table (Figure 37.1.3). 

2. A one or two stage procedure protected with a colostomy may be 
used. 

3. In both a “Swenson and Soave type” laparoscopic approach, the ex- 
tramuscular dissection is done laparoscopically from above, while the 
mucosectomy and anastomosis are performed from below. 

4. The “Duhamel type” procedure is performed by mobilizing colon 
from above and then pulling it through retrorectally from below. 

5. The “Duhamel” is completed with the endo GIA stapler which is 
used to fashion the common channel between the aganglionic rectum 
and ganglionic retrorectal colon by transecting and stapling the com- 
mon spur from below. 




Figure 37.1.3. Port site placement for the laparoscopic approach to colo-anal 
pull-through in Hirschsprung’s disease. 
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I. Meckel’s Diverticulectomy 

A Meckel’s diverticulum usually presents with massive, painless, lower 
gastrointestinal bleeding in children. More rarely, intussusception and/or ab- 
dominal pain can be the presenting scenario. The diagnosis is often made pre- 
operatively with a technetium Meckel’s scan (99” Tc). 

1 . Explore the abdomen through a 5 or 10 mm umbilical port. 

2. Place a 5 mm port on the right side and another 10 or 5 mm port is 
placed on the left. (Lower quadrants in larger children). 

3. Identify the ileocecal junction then follow the small bowel retrograde 
using blunt grasping forceps. 

4. The vascular supply of the diverticulum can either be dissected sepa- 
rately or included in the resection of the diverticulum. 

5. Place a stapling device across the base of the diverticulum trans- 
versely to avoid narrowing the lumen with transection. 

6. Remove the diverticulum through the 10 mm port. 

7. Check the staple line for both hemostatis and leakage. 

8. Open the resected specimen on the back table to confirm complete 
resection of aberrant ectopic mucosa. 

9. If inadequate resection is noted, the bowel can be exteriorized or a 
laparotomy should be performed using a right lower quadrant trans- 
verse incision to complete the resection. 
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A. Diagnostic Laparoscopy and Cancer Staging 

This topic is also discussed in Chapter 12, Elective Diagnostic Laparoscopy 
and Cancer Staging. 

1. Formal abdominal staging procedures in children are rarely per- 
formed today. Lymphomas, germ cell tumors, rhadbomyosrcomas, 
liver tumors, neuroblastoma, and Wilm’s tumor are among the ma- 
lignancies for which staging may be appropriate. Splenectomy, 
lymph node sampling, liver, and other biopsies can all be done lapa- 
roscopically. 

a. Start with the splenectomy. 

b. Extend the dissection down to the pelvis for the retroperitoneal 
node sampling. 

c. Perform liver biopsies as the last procedure. 

2. Liver biopsies can be accomplished by any one of several tech- 
niques. 

a. Superficial biopsies can be carried out using a cup biopsy for- 
ceps. 

b. Percutaneous Tru-Cut needle biopsies under direct laparoscopic 
control. 

c. The endoscopic stapler can be used for an excisional biopsy. 

d. Endoscopic sutures can be placed for a standard wedge biopsy. 

3. Retroperitoneal node sampling. 

a. Position the patient in the lateral position for the para-aortic 
node dissection, and in reverse Trendelenburg position for pel- 
vic nodes. 

b. Divide the peritoneum in an avascular plane. 

c. Sample individual nodes according to die specific disease proto- 
col. 

d. If biopsies are being performed based upon lymphangiograms, 
x-rays can be taken in the operating room to confirm excision of 
the proper nodes. 
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B. Pyloromyotomy 

1 . Position the patient supine. 

2. The surgeon stands on the patient’s right side with the assistant on the 
patient’s left. 

3. Two video monitors are used, one on either side, at the head of the 
table in the line of sight of the surgeon and surgical assistant. It is 
easiest for the camera operator to stand immediately to the left of the 
assistant. 

4. Insert a 5-mm or smaller cannula into the infraumbilical site for the 
laparoscope. 

5. With the laparoscope in place, use a #1 1 blade to make a stab wound 
just above the level of the umbilicus, lateral to the rectus muscle. A 
retractable, round-ended, disposable arthroscopy blade is inserted via 
this stab wound. 

6. Make a mirror image stab wound for the direct insertion of a 2.7-mm 
grasper to grasp the stomach proximal to the pyloric tumor. 

7. Make a shallow incision in the pyloric muscle, beginning on the dis- 
tal antrum and extending it distally to a point just shy of the pyloric 
vein. 

8. Retract the blade and use its protective sheath to deepen the incision 
by inserting the sheath into the incision and turning the instrument 
perpendicular to the axis of the incision. 

9. Replace the arthroscopy blade with a 2.7-mm pyloric spreader and 
use it to gently spread the muscle. 

10. Grasp the edges of the muscle and confirm that they move independ- 
ently of each other, indicating that the pyloric ring has been suitably 
divided. 

1 1 . Inflate the stomach via a naso- or orogastric tube to check for leaks. 

12. Close the umbilical incision with sutures. Simply Steri-strip the stab 
wounds. 



C. Contralateral Groin Exploration During 
Hemiorraphy 

1 . Position the patient supine on the operating table. 

2. The surgeon stands on the side of the symptomatic hernia. 

3. Place the video monitor at the foot of the table or directly across from 
the surgeon. 

4. Open the hernia sac on the symptomatic side. 

5. Insert a 4-mm cannula into die peritoneal cavity. 

6. Use a suture to secure the hernia sac and prevent leakage of CO^. 

7. Pass an angled 70° laparoscope into the cannula to inspect the con- 
tralateral side. 
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A. General Laparoscopic Complications 

1 . Veress-needle associated visceral and vascular injuries 

a. Cause and prevention: The Veress needle does not offer any 
particular advantage in pediatric cases, except perhaps in the 
obese child. An open technique is preferred. 

b. Recognition and management: These injuries are usually rec- 
ognized upon introduction of the telescope for initial inspection 
and should be treated according to the nature of the injury (see 
Section 4, Access to Abdomen). 

2. Trocar site hernias 

a. Cause and prevention: Close the fascia for all trocar sites 
greater than 3 mm. 

b. Recognition and management: A bulge is usually noted at the 
site of a trocar insertion. Operative repair is usually required. 

3. Abdominal wall hemorrhage 

a. Cause and prevention: This occurs when abdominal wall ves- 
sels are injured at the time of trocar insertion. Care should be 
taken to avoid abdominal wall vessels during trocar insertion. 

b. Recognition and management: This is usually a self-limiting 
problem in children and rarely requires suture repair. 

4. Abdominal wall crepitus 

a. Cause and prevention: This is caused by dissection of COj gas 
into tissue planes and is often seen after extensive laparoscopic 
surgery in children. 

b. Recognition and management: This is usually self-limiting 
and disappears in 24 to 36 hours. If the problem persists and is 
accompanied by high fever with erythema and tenderness of the 
abdominal wall, infection with a gas-producing organism should 
be suspected and aggressive antibiotic coverage with or without 
operative debridement should be considered. 

5. Remote bowel injury 

a. Cause and prevention: Monopolar electrocautery has been im- 
plicated in bowel injuries to segments of intestine that were not 
visible to the telescope during the procedure. The use of alterna- 
tive energy sources such as bipolar devices or the ultrasonically 
activated scissors should minimize the risk of these injuries. 




400 



Thom E Lobe 



b. Recognition and management: Such injuries should be 
searched for carefully. If they are recognized at the time of lapa- 
roscopy, antibiotics should ^ started or continued and the area 
of injury should be repaired. Unrecognized injuries present late, 
with signs and symptoms of peritonitis. Abdominal exploration 
with repair or ostomy should be undertaken. 



B. Complications of Specific Surgical Procedures 

1. Laparoscopic appendectomy 

a. Wound infection 

i. Cause and prevention: Contamination of wound during 
procedure. Can be prevented by extracting appendix using 
tissue pouches or by extracting the appendix through the 
cannula without allowing it to touch the abdominal wall tis- 
sue directly. Prophylactic antibiotic use with a broad- 
spectrum cephalosporin may prevent wound infections in 
trocar sites. 

ii. Recognition and management: Red erythematous wound, 
or purulent drainage. Incision and drainage of wound and 
appropriate antibiotic coverage if significant cellulitis exists 
should be sufficient to treat most infections. 

b. Postoperative pelvic fluid collections and abscesses 

i. Cause and prevention: These conditions may be seen after 
laparoscopic appendectomy for ruptured appendicitis, but 
are no greater in their frequency than similar complications 
after open appendectomy for ruptured appendicitis. They 
may be related to inadequate evacuation of irrigation fluid. 
Meticulous evacuation of all irrigant should be the rule as 
should evacuation of all pus. 

ii. Recognition and management: Patients may do well ini- 
tially, but later have increasing symptoms of abdominal 
pain, fever, and possibly bowel obstruction. These fluid 
collections should be drained by percutaneous methods un- 
der diagnostic imaging if possible or by surgery. 

c. A lost fecalith 

i. Cause and prevention: Disruption of the appendix during 
its removal may cause this problem. Careful attention 
should be paid to location of the fecalith and removing it if 
one is present. 

ii. Recognition and management: Being aware of this possi- 
bility is half the battle. If the fecalith is lost, most likely it 
will form the nidus for an infection or abscess that will re- 
quire drainage. 
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2. Cholecystectomy 

a. The complications of cholecystectomy in children are the same 

as in adults. 

b. Bile duct injury at the time of cholangiography and/or com- 
mon duct exploration 

i. Cause and prevention: The bile duct in infants and chil- 
dren is much smaller than it is in adults. Great care should 
be taken if these procedures are performed. 

ii. Recognition and management: Injury to the bile ducts 
should be foremost on the mind of the surgeon carrying out 
these maneuvers. If the injury is minimal, a simple suture 
repair may be sufficient. A T-tube may be difficult to place 
in these small ducts using laparoscopic technique. An open 
repair, with or without a choledochojejunostomy, should be 
considered. 

3. Hernia exploration 

a. Tear of the hernia sac on the symptomatic side 

i. Cause and prevention: Rough handling of the thin hernia 
sac in small infants can result in a tear of the sac. 

ii. Recognition and management: This problem is recog- 
nized immediately. The tom sac can be repaired using a 
purse-string suture at the internal inguinal ring to close the 
defect. 

b. Missed hernia or patent processus vaginalis 

i. Cause and prevention: Any abnormality may represent a 
hernia. If exploration is not performed, then there remains 
the risk of the development of a symptomatic hernia. 

ii. Recognition and management: Inspection of the inguinal 
canal from inside the abdomen should demonstrate a flat or 
concave surface with no opening. The slightest pin hole can 
represent a hernia as can a veil covering the opening to the 
inguinal canal. If the anatomy is not perfectly normal, the 
open exploration of the contralateral groin should be un- 
dertaken. 

4. Pyloromyotomy 

a. A mucosal tear 

i. Cause and prevention: The pyloric mucosa is close to the 
pyloroduodenal junction. Care should be taken not to ex- 
tend the pyloromyotomy too far distally. 

ii. Recognition and management: Insufflation of air into the 
stomach by the anesthesiologist while the surgeon watches 
the pyloromyotomy site for leaks should be routine. If a 
leak is noted, a simple suture repair with 6-0 or 7-0 suture 
should be done and the omentum, if sufficient, should be 
tacked over the repair. 
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b. An inadequate pyloromyotomy 

i. Cause and prevention: The pyloromyotomy should extend 
from the distal antrum of the stomach to just short of the 
pyloric vein. 

ii. Recognition and management: The upper and lower mar- 
gin of the pyloromyotomy should be grasped and moved 
from side to side to assure that the two margins move inde- 
pendently and that the muscular pyloric ring is disrupted. If 
this is not the case, the pyloromyotomy should be extended 
by additional spreading of the muscle with the pyloric 
spreader. Occasionally, an additional cut toward the duode- 
num will be necessary. Great care should be taken in this 
case to avoid a mucosal injury. If persistent vomiting exists 
postoperatively, an upper gastrointestinal contrast study 
should be carried out to confirm that the pylorus is still 
causing an obstruction. If this is the case, a redo pyloromy- 
otomy must be performed. 

5. Fundoplication 

a. The complications of fundoplication are essentially the same in 

children and adults. 

b. Gastric volvulus 

i. Cause and prevention: This can result from placing the 
gastrostomy too close to the pylorus. 

ii. Recognition and management: Acute gastric distention 
and shock may result. A plain abdominal radiograph will 
demonstrate a hugely dilated stomach. Immediate laparot- 
omy after fluid resuscitation and antibiotic administration 
should be performed to detorsion the stomach and to re- 
place the gastrostomy in a better location. 

c. Esophageal tear 

i. Cause and prevention: The esophagus can be injured 
during its dissection mobilization. Placing a bougie in the 
esophagus as large as the esophagus can accommodate 
during the initial dissection will aide in identification of the 
structure and help to prevent dissection through its wall 
into the lumen. 

ii. Recognition and management: During dissection of the 
esophagus, careful inspection for mucosa or luminal con- 
tents should be routine. If the esophagus is injured, a simple 
suture repair that is covered by the wrap should be suffi- 
cient. 

d. Hourglass stomach 

i. Cause and prevention: In severe stricture disease, the 
esophagus may be shorted and thus difficult to mobilize 
into the abdomen. Caution must be taken in these cases to 
assure that the wrap is not misplaced onto the cardia of the 
stomach to form an hourglass stomach. 
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ii. Recognition and management: Careful inspection of the 
gastroesophageal junction should be the rule. The wrap 
should sit at this level and not at the junction of the cardia 
and body of the stomach. If the esophagus is too short for a 
proper wrap, consideration should be given to a Collis- 
Nissen procedure. 

e. Liver hemorrhage 

i. Cause and prevention: The liver in the child is often 
floppy and difficult to retract. Sharp instruments and nee- 
dles can easily injure the liver and cause hemorrhage. 

ii. Recognition and management: The problem can be pre- 
vented by using blunt instruments for liver retraction. A 
ratcheting grasper, grasping the diaphragm above the eso- 
phageal hiatus, makes a useful retractor in some cases. 
Placement of an additional grasper from the left lateral 
costal margin to grasp the falciform ligament may help to 
elevate a floppy left lobe of the liver. Deflation of the ab- 
domen with gentle pressure on the area of injury should be 
sufficient to stop most hemorrhage as long as no coagu- 
lopathy exists. Major hemorrhage warrants laparotomy and 
resection or repair of the injured segment of liver or repair 
of any injured vessels. 

f. Hemorrhage from short gastric vessels 

i. Cause and prevention: Short gastric vessels that are di- 
vided before adequate hemostasis is achieved will retract 
and can be difficult to control. Meticulous hemostasis 
should be established before division of these vessels. 

ii. Recognition and management: Hemorrhage and the in- 
ability to stop it is obvious. It may be difficult to see the 
vessels that are the source of the hemorrhage in the left up- 
per quadrant. Additional instruments may need to be in- 
serted for retraction and exposure. If hemodynamic insta- 
bility develops, conversion to laparotomy should be 
considered. 

6. Splenectomy 

a. Missed accessory spleen 

i. Cause and prevention: Accessory spleen should be 
searched for and removed. 

ii. Recognition and management: In cases of ITP or heredi- 
tary spherocytosis that remain symptomatic after laparo- 
scopic splenectomy, and in which a radionuclide spleen 
scan shows residual splenic tissue, reexploration with re- 
moval of the retained accessory spleen should be per- 
formed. 

b. Hemorrhage from short gastric vessels 

i. Cause and prevention: Short gastric vessels that are di- 
vided before adequate hemostasis is achieved will retract 
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and can be difficult to control. Meticulous hemostasis 
should be established before division of these vessels. 

ii. Recognition and management: Hemorrhage and the in- 
ability to stop it is obvious. It may be difficult to see the 
vessels that are the source of the hemorrhage in the left up- 
per quadrant. Additional instruments may need to be in- 
serted for retraction and exposure. If hemodynamic insta- 
bility develops, conversion to laparotomy should be 
considered. 

c. Hilar vessel hemorrhage 

i. Cause and prevention: Hilar vessels can be a source of 
hemorrhage if they are not properly ligated. Mass ligature 
is effective and has not caused any arteriovenous fistulae or 
other problems. 

ii. Recognition and management: Hemorrhage is immedi- 
ately apparent. If hemorrhage is severe enough to cause 
hemodynamic instability, immediate conversion to laparot- 
omy should be performed. If hemorrhage is minor, the 
placement of additional clips, staples or sutures, or the use 
of an energy source to stop the hemorrhage may be suffi- 
cient. 

d. Pancreatic injury 

i. Cause and Prevention: The pancreas can be injured in the 
course of dissection if care is not taken to differentiate fat 
from pancreas. 

ii. Recognition and management: Stapling across the tail of 
the pancreas if the injury is distal will usually treat the in- 
jury. 

e. Colon injury 

i. Cause and prevention: The colon can be injured in the 
course of dissection if care is not taken. 

ii. Recognition and management: Suture repair may be pos- 
sible. If the injury or fecal contamination is severe, par- 
ticularly in immune-suppressed patients, then colostomy 
should be considered. 

f. Gastric injury 

i. Cause and prevention: Care should be taken not to injure 
the stomach when dividing the short gastric vessels. The 
use of energy devices to cauterize and divide these vessels 
is the usual cause. 

ii. Recognition and management: If a gastric injury is sus- 
pected because the short gastric vessels were particularly 
short, then suture reinforcement of the stomach should be 
performed. Postoperative peritonitis or massive free air 
should raise suspicion of a gastric injury. The injury can be 
confirmed with an upper gastrointestinal contrast study, and 
laparotomy should be performed for repair. 
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g. Splenic disruption during attempted retrieval 

i. Cause and prevention; Large spleen may be too big for 
the tissue retrieval sac. 

ii. Recognition and management: That the spleen is too 
large for the retrieval sac should be obvious, especially if 
repeated attempts to place the spleen in the bag fail. After 
being freed, the large spleen can be divided in the left upper 
quadrant in a controlled fashion and removed in segments. 
The right upper quadrant should then be copiously irrigated 
to remove any splenic remains. This approach has not re- 
sulted in any splenosis such as may be seen after traumatic 
splenic injury. 

h. Postsplenectomy sepsis 

i. Cause and prevention: Postsplenectomy sepsis can occur 
and thus patients should receive the appropriate vaccines 
against pneumococcus and Haemophilus influenzae^ and 
should take prophylactic penicillin daily. 

ii. Recognition and management: Postsplenectomy sepsis 
can occur at any time after splenectomy and is usually rec- 
ognized by the rapid onset and progression of a febrile ill- 
ness to a picture of full-blown sepsis and shock in a matter 
of hours. Aggressive broad-spectrum antibiotics and hemo- 
dynamic and respiratory support should be taken as appro- 
priate. 

i. Shoulder pain 

i. Cause and prevention: While the precise cause is un- 
known, diaphragmatic irritation during dissection is proba- 
bly causative. 

ii. Recognition and management: This is usually rare in 
children and is self-limited. If it persists and is accompa- 
nied by fever, a left subphrenic abscess should be searched 
for. 

Staging for cancer 

a. Vascular injury 

i. Cause and prevention: Vascular injury can be avoided be 
careful dissection. 

ii. Recognition and management: Major injuries may re- 
quire conversion to laparotomy and vascular repair. 

b. Ureteral injury 

i. Cause and prevention; Care should be taken during dis- 
section in the retroperitoneum and pelvis to identify the 
ureter in order to prevent its injury. 

ii. Recognition and management: Immediate injury, recog- 
nized by urine leak, should be repaired. Delayed injury, 
recognized by the development of a urinoma with or with- 
out associated signs of sepsis or obstructive uropathy 
should be treated by drainage and repair. 
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c. Liver hemorrhage 

i. Cause and prevention; Care should be taken at the time of 
liver biopsy. 

ii. Recognition and management: Simple deflation of the 
abdomen with gentle pressure for 5 or 10 minutes will stop 
most hemorrhage unless a coagulopathy is present. Micro- 
fibrillar collagen or fibrin glue application may be useful. 
Brisk live hemorrhage that is uncontrolled by simple pres- 
sure maneuvers or suturing may require conversion to lapa- 
rotomy for control with suture ligation or segmental resec- 
tion as necessary. 
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A. Characteristics of Flexible Endoscopes 

Flexible endoscopy provided a quantum leap in the area of diagnosis and 
therapy of the aerodigestive tract. 

1 . Optical properties of flexible endoscopes. Two types of flexible en- 
doscopes are currently in use: flexible fiberoptic endoscopes and 
video endoscopic systems. Each will be considered briefly here, 
a. Fiberoptic endoscopes are based upon fiberoptic light transmis- 
sion technology. Light is conveyed through a bundle of fine 
glass fibers, each smaller than a human hair (8 to 10 Mm in di- 
ameter), packed tightly together. 

i. Each individual fiber is clad in a wrapping of greater opti- 
cal density, creating a reflective layer that causes light to 
bounce back and forth within the fiber with little loss of 
light. This cladding does not transmit light itself, creating a 
dark rim around the portion of the image produced by each 
fiber and accounting for the characteristic newsprint-like 
image produced by fiberoptic endoscopes (Fig. 39.1). 

ii. Thousands of fibers are packed tightly together in a bundle, 
each carrying a small parcel of light to or from a portion of 
the viewing area. 

iii. One bundle of fibers carries light into the examined organ, 
and a second bundle transmits the image from the organ 
interior to the viewing optic. 

iv. The latter bundle must have all the fibers arranged in a 
“coherent bundle” (that is, in the same spatial arrangement 
at both ends of the fiber so that the portion of the total im- 
age that each carried would be in its proper position). 

V. Major disadvantages with flexible fiberoptic endoscopes 
include fragility. When individual fibers break, light trans- 
mission is decreased and the visual image develops dark 
spots (corresponding to the broken fibers). 
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Figure 39.1. A. Internal reflection is assured by cladding each fiber with a 
coating of high refractive index. Virtually all light is reflected back and forth 
within the fiber with little loss. B. The image produced by a fiberoptic endo- 
scope is composed of a multitude of images transmitted by each individual 
fiber. Broken fibers do not transmit light, resulting in black dropouts in the 
image. 



vi. These endoscopes are generally direct-viewing endoscopes. 
The endoscopist looks directly into an eyepiece. An optical 
beam splitter allows a second observer to view the image. 
Alternatively, a small video camera may be placed on the 
end of the endoscope and the image viewed on a video 
screen. 

b. Video-endoscopy applies video technology to endoscopy, with 
significant improvements in image quality and endoscope dura- 
bility. An increasing number of the endoscopes in use today are 
video-endoscopes. 

i. Light is transmitted to the tip of the endoscope through a 
fiberoptic bundle, as in the endoscopes described above. 

ii. The viewing fiberoptic bundle is replaced with a charge- 
coupled device (CCD) chip camera placed at the tip of the 
endoscope. This chip carries a digital image back to a video 
processor, which displays an image on a color monitor. 
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iii. The CCD chip camera uses a dense grid of photocell re- 
ceptors, each of which generates a single pixel on the 
monitor. Resolution depends on the density of receptor 
packing on the chip camera. 

iv. Some video-endoscopes use a single color (e.g., black- 
white) CCD chip and create color images by rapidly cy- 
cling through a color wheel. Newer video-endoscopes use 
three-color CCD chips and provide the most accurate color 
resolution. 

V. Most video-endoscopes incorporate an automatic iris in the 
system to decrease the problem of glare due to tissue re- 
flection. 

2. Flexible endoscopes provide one or more channels for passage of di- 
agnostic and therapeutic instruments as well as for suctioning. Air 
and water insufflation channels permit distention of the bowel and 
cleaning of the lens. 

3. Tip deflection is controlled by rotating wheels on the headpiece. 
Locks are provided. For most purposes, the wheels should be allowed 
to move freely (Fig. 39.2). 

4. Modem endoscopes also include electronic systems to capture still 
images and record video footage. 




Figure 39.2. Rotating wheels on the headpiece of the endoscope control tip 
deflection. Instmments may be passed through an access port, which is kept 
capped when not in use (to prevent loss of insufflation and splashing with flu- 
ids). 
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B. Equipment Setup 

The equipment for flexible endoscopy is generally arranged on a multiple 
level cart, which allows access to all the equipment and easy mobility. The cart 
generally includes a monitor, video processor, light source, water bottle, and an 
image printer (Fig. 39.3). 




Figure 39.3. Cart with video monitor, light source, video processor, water bot- 
tle, and image printer. A keyboard allows entry of patient and physician name, 
patient number, date, and any additional documentation desired. 
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1. A fiberoptic cable connects the endoscope to the light source. This 
umbilical cable also contains connectors for suction, water, and insuf- 
flation. 

2. Air (for insufflation) and water are introduced through a common 
channel by depression of a trumpet-like valve on the control head of 
the scope. 

a. Partial depression of the valve insufflates air. 

b. Complete depression of the valve forces the air backward, 
causing increased pressure in the attached water bottle and 
forcing a stream of water to the tip of the instrument where it 
serves to wash the lens. 

c. Depression of an adjacent trumpet valve enables the suction 
function of the instrument. 

d. Insufflation, irrigation, and suction should be tested each time 
the endoscope is used. 

3. Common problems include sticky valves, lack of water in the water 
bottle, failure to secure all connections, or leaks in the valve appara- 
tus. 

4. Become well versed in the construction and function of the particular 
endoscopic system in use. Accurate assessment of problems arising 
during a procedure often allows rapid resolution. 

5. Adopt a standard approach to equipment setup. Problems commonly 
arise when one or another step is forgotten. 

a. Choose the appropriate size (length and diameter) and type of 
endoscope for the intended purpose. Both pediatric and adult 
upper gastrointestinal endoscopes are available, for example. 

b. Connect the umbilical cable of the endoscope to the light source. 

c. Turn on all electronic equipment on the cart, even if use of a 
particular item (for example, a VCR) is not planned. The con- 
nections of the various pieces of equipment may require that all 
be on for any to work properly. 

d. Ensure that the water bottle is filled with clean water. 

e. Connect the hose from the water bottle to the side of the umbili- 
cal cable, near where it enters the light box. Generally the fit- 
tings are arranged with a Luer-lock or other mating set of con- 
nectors, so that the hose can only connect to one place. 

f. Connect suction to the remaining site on the umbilical cord. 

g. Obtain a cup or basin of water and test insufflation (by insuffla- 
tion air under water and observing bubbles), water irrigation 
(with the tip of the endoscope out of the water), and suction (by 
aspirating the water from the cup). If any of these functions are 
sluggish or nonfunctional, first check the connections. (See 
Troubleshooting, below, for additional tips.) 

h. Take the light source off standby and aim the tip of the endo- 
scope into the cupped fingers of one hand. A sharp image of the 
fingers should be seen on the monitor. 

i. Check the tip deflection controls and verify that any locking de- 
vices are “off’ so that the tip is free to move. 
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j. Verify that any additional items that may be required (such as 
biopsy forceps, polypectomy snares) are available, of appropri- 
ate size, and in good working order. 



C. Troubleshooting 

A systematic approach to identifying the problem, followed by creative 
measures to circumvent or repair the difficulty, will usually permit satisfactory 
completion of the examination. As mentioned previously, attention to detail 
during the setup phase can help minimize problems during the examination. 
Common problems and solutions are listed in Table 39.1. 



Table 39.1. Common problems with flexible endoscopes and suggested solu- 
tions. 



Problem 


Check the Following 


No light at distal end 


1 . Light source plugged in and 
turned on 

2. Light source ignited 

3. Not in “standby” mode 

4. Lense at distal tip is dirty 

5. Bulb burned out 


Out of focus 


1. Adjust focus ring 

2. Fiberoptic scope — clean lens 


No irrigation 


1 . Water bottle contains water 

2. Water bottle connected to um- 
bilical cord 

3. Connection tight 

4. Lid of water bottle screwed on 
tightly 

5. Power turned on 

6. Valve stuck or occluded 


No insufflation 


1 . Umbilical cord firmly seated into 
light source and screwed in if 
necessary 

2. Power turned on 

3 . V alve stuck or occluded 


Clogged valve or nozzle 


1 . Take valve apart and clean 

2. Flush channel of endoscope with 
cleaning solution, followed by 
clean water 







39. Flexible Endoscopes, Troubleshooting, and Equipment Care 413 



Table 39.1. continued 



Problem 


Check the Following 


Difficulty passing instrument 


1 . Check tip angulation; decrease 
angulation and try again 

2. Ensure that the instrument is 
fully closed 

3. Check size of instrument relative 
to instrument channel; try 
smaller diameter instrument. 



D. Equipment Care 

Flexible endoscopes are expensive and relatively fragile. Attention to care 
is important. 

1. The light fibers are fragile and easily broken. Coil the endoscope into 
gentle curves, rather than folding it in acute angles. Do not drop the 
endoscope, allow a wheeled cart to roll over it, or allow the patient to 
bite down on the endoscope. 

2. Avoid extreme angulation of the tip wherever possible. Do not force 
biopsy forceps or other instruments down the channel when the tip is 
sharply angulated, as damage to the biopsy channel may result. 

3. Ensure that polypectomy snares and sclerosing needles are fully 
withdrawn into the sheath before passing through the channel. Lubri- 
cate instruments with a suitable lubricant to facilitate passage. 

4. The outer coating of the endoscope is delicate, particularly in the re- 
gion near the tip. A rubber sheath, designed to flex as the tip bends, 
covers this region of the endoscope. 

5. After each use, wash off any gross contamination and suction water 
through the endoscope. Do not allow blood, mucus, stool, or other 
foreign matter to dry on the endoscope or in the channels or valves. 

6. Endoscopes are rarely actually sterilized. Generally high-level disin- 
fection with a chemical agent (such as gluteraldehyde) is used. Disin- 
fection does not work well when foreign matter (mucus, blood, en- 
teric contents) are present. Therefore, the endoscope must be 
mechanically cleaned before disinfection. Many endoscopy suites use 
automated cleaners that rapidly wash, disinfect, and rinse the endo- 
scope. Ultrasonic cleaners are available in some units. 

7. Ethylene oxide gas sterilization is an option, but requires an over- 
night cycle. Newer methods of sterilization and newer endoscopes 
that are more tolerant of sterilizing conditions are being developed. 
Be careful to follow the manufacturer’s instructions for sterilization 
to avoid potentially severe damage to the endoscope. 
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40. Endoscope Handling 
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A. Room Setup 

The room should have oxygen, suction, and monitoring devices. It should 
be sufficiently large to allow free movement around the gurney. Most endo- 
scopic examinations are performed in rooms or suites specially designed for the 
purpose. Occasional endoscopy is done at the bedside in the intensive care unit, 
in the operating room, or in some other location. 

Take a few minutes to consider the room layout and the proposed endo- 
scopic examination before bringing the patient into the room or setting up the 
equipment. 

1. The nature of the examination influences patient position and room 
setup. 

a. For upper gastrointestinal endoscopy, the patient will be posi- 
tioned with the left side slightly down. The endoscopist faces the 
patient, standing at the patient’s left side near the head of the 
bed. This provides easy access to the mouth and oropharynx. 

b. For colonoscopy or flexible sigmoidoscopy, the patient is usu- 
ally positioned in the left lateral decubitus position and the en- 
doscopist stands facing the back of the patient, just below the 
patient’s buttocks. This generally puts the endoscopist on the 
opposite side of the gurney and requires an inverse room setup. 

c. If both an upper gastrointestinal endoscopy and a colonos- 
copy or flexible sigmoidoscopy are to be done on the same pa- 
tient, it is often worthwhile to take the time to reverse the posi- 
tion of the patient (head to foot) on the gurney, or turn the 
gurney around, rather than deal with a less-than-optimal room 
setup for one of the two examinations. 

2. The primary video monitor should be placed across from the endo- 
scopist, in a direct line of sight. The endoscopy cart must be close to 
the intended working area. 



B. Manipulation of the Endoscope 

Some endoscopists use both hands to manipulate the controls of the endo- 
scope, and ask an assistant to advance and withdraw the endoscope. Signifi- 
cantly greater control is attained if the endoscopist manipulates the controls 
with the left hand, and advances and withdraws the endoscope with the right 
hand. This is the method described here. There are no left-handed endoscopes. 
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and this method is used by both right- and left-handed endoscopists. Specific 
techniques useful for performing various endoscopic examinations are given in 
the sections that follow. 

1. Stand in a comfortable position, facing the patient and the video 
monitor (Fig. 40.1). 

2. If the endoscope is a direct-viewing fiberoptic endoscope, hold it 
comfortably up to your eye. Avoid a hunched-over posture, which 
contributes to back and neck strain. 

3. Cradle the endoscope in the upper palm of the left hand. Rest the 
controls between the thumb and forefinger. Endoscopists with small 
hands will need to experiment to find a comfortable position that will 
allow access to all controls. The key is to keep the hand rotated so 
that the thumb can manipulate the control wheel. 

4. The index and long finger work the two trumpet valves and thus con- 
trol suction and insufflation. The ring and little finger hold the control 
handle firmly against the palm. 

5. The thumb of the left hand manipulates the large control wheel on the 
right side of the scope. This wheel angulates the scope tip in an up or 
down direction. 

6. The endoscopist’s right hand works the small outer wheel, which 
controls right and left motion of the instrument tip. There are locking 
brakes associated with each control knob so that a postion may be 
held while the hand is removed to perform another function. 




Figure 40.1. Stand comfortably, facing the patient and the video monitor. Gen- 
erally the video monitor will be across the gurney from the endoscopist, di- 
rectly in the endoscopist’s line of sight. 
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7. While the control knobs provide motion at the tip of the endoscope, 
experienced endoscopists know that equal if not more vital direc- 
tional control is provided by rotation and elevation of the scope’s 
control head in concert with gentle torsion of the scope shaft. These 
often imperceptible maneuvers of the endoscopist occur throughout 
the procedure, and in combination with tip control allow for complex 
manipulations to be performed. An accomplished endoscopist is 
rarely motionless during a procedure, but continually makes a com- 
plex “endoscopic dance.” 

8. Try to maintain the endoscope in a relatively straight or only slightly 
curved path. Minor deflections of the tip combined with gentle tor- 
sion and gentle advancing motions will allow the endoscope to trav- 
erse bends (Fig. 40.2). In contrast, sharply angulating the tip may 
prevent advancement and promote paradoxic tip motion (where the 
target actually gets farther away). Never use force to advance the en- 
doscope. 




Figure 40.2. A. Minor tip deflection with gentle advancement and mild torsion 
allows the endoscope to traverse bends while maintaining a gentle curve. B. 
Sharp angulation of the tip (like a candy cane) hinders advancement and may 
result in paradox motion, where the target gets farther away rather than closer, 
or contribute to perforation. 
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C. Documentation of Findings 

Early endoscopes provided visualization of the gastrointestinal tract but 
lacked the ability to record images for documentation or discussion. Cameras 
soon were developed that utilized film to record endoscopic images. Some 
models, such as the “gastrocamera,” were designed specifically for this purpose 
and sacrificed visualization for the ability to record. These are primarily of 
historic interest. 

Modem endoscopes enjoy the ability to record and document findings in a 
variety of formats. While cameras are still available for fixation to the viewing 
optic of fiberoptic systems, newer video endoscopes produce a digital signal 
that can be recorded on film, video tape, or computer disk. The images can then 
be incorporated into reports or teaching programs. With the digital format large 
numbers of images can be stored in a small environment. Some problems have 
developed as individuals have attempted to transmit images across different 
systems. The electronic formats of all systems are not the same and communi- 
cation can be difficult. International standards for digital transmission of im- 
ages are currently in development. 

It is important that the practicing endoscopist record important findings in 
order to allow the entire health care team to appreciate the patient’s pathology 
and to permit comparison with subsequent (or previous) examinations. The 
simplest way to do this is to print an image for inclusion in the patient’s medi- 
cal record. Some endoscopy units keep separate files for teaching or research 
purposes. Many use specialized forms designed for each examination. What- 
ever system is employed, the record should be clear and easily interpretable. 
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A. Monitoring 

Continuous patient assessment by a second trained individual is crucial and 
allows the endoscopist to concentrate on the examination. Level of conscious- 
ness, responsiveness, and pain should all be watched closely. Most endoscopy 
units use a special form on which pulse, blood pressure, medications, and other 
measures can be recorded. Continuous monitoring of the following parameters 
is commonly used and generally recommended: 

1 . Pulse (usually by electrocardiograph) — ^rate and rhythm 

2. Blood pressure (usually with periodic recordings) 

3. Pulse oximetry 

Even when conscious sedation is not used, bowel distention from insuffla- 
tion may decrease ventilation. It is important to remember that oxygen satura- 
tion is not always an accurate reflection of ventilation, and depression of respi- 
ration with hypercapnea may occur despite adequate oxygen levels. 
Capnography is cumbersome and not readily available; hence, it is not currently 
the standard. All monitoring devices must be supplemented by constant nursing 
observation of the patient’s ventilation, discomfort, and state of consciousness. 

Because hypoxemia is common, many endoscopists routinely administer 
supplemental oxygen during endoscopy and recovery. Care must be taken not 
to depress respiration if the patient suffers from chronic obstructive pulmonary 
disease. 

Suction must be available, and resuscitation equipment should be conven- 
iently located. 

Monitoring must continue into the recovery phase (see below). 



B. Conscious Sedation 

Safe and effective administration of conscious sedation is as important as 
the endoscopy itself. While some endoscopic procedures can be performed 
without any sedation, most patients prefer to have intravenous sedation in order 
to facilitate the intervention. The characteristics of conscious sedation are enu- 
merated in Table 40.1. Most agents used for conscious sedation also produce 
amnesia. This is regarded as desirable and facilitates patient acceptance of re- 
peat examinations if necessary. The Joint Commission on Accreditation of 
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Healthcare Organizations (JCAHO) regards sedation with certain medications, 
such as midazolam, to be anesthesia. 



Table 41.1. Characteristics of conscious sedation 

Conscious sedation is a state of minimally depressed consciousness in 
which the patient: 

• Retains protective airway reflexes 

• Responds appropriately to physical stimuli and verbal commands 

• Maintains continuous communication with caregivers 



An intravenous line must be maintained during endoscopy. The line is 
used for administration of agents used for conscious sedation, and is crucial if 
resuscitation is required. Agents commonly used for conscious during endos- 
copy are listed in Table 41.2. Most are benzodiazepines, and provide both se- 
dation and amnesia. 



Table 41.2. Agents commonly used for conscious sedation during endoscopy 



Name of Drug 


Advantages 


Disadvantages 


Diazepam 


1 . Reduces anxiety 

2. Causes amnesia 

3. Minimal cardio- 
vascular effects 

4. Relatively flat 
dose-response 
curve 


1 . Pain on injection 

2. High incidence of 
chemical phlebi- 
tis 


Midazolam 


1 . More rapid onset 

2. Less pain on 
injection 

3. More amnesia 


1. Significantly 
more potent, re- 
quiring dose ad- 
justment 

2. Avoid combina- 
tion with narcotic 
agents 


Demerol 


1 . Analgesic effect 


1. Minimal amnesia 

2. Cardiopulmonary 
depression 



C. Recovery 

Continue monitoring (and recording information) until the patient has fully 
recovered from the procedure and any sedation. The benzodiazepine antagonist 
flumazenil has been used after endoscopy in an attempt to shorten recovery 
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time. Flumazenil rapidly reverses the central effects of diazepam or midazolam 
but may not completely reverse the respiratory depression. Resedation may 
occur after 1 to 2 hours. Patients should be cautioned against driving and re- 
leased into the care of a responsible accompanying person. 
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42. Diagnostic Upper Gastrointestinal 
Endoscopy 



John D. Mellinger, M.D., F.A.C.S. 



A. Indications 

1. Diagnostic upper gastrointestinal endoscopy, or esophagogastroduo- 
denoscopy (EGD), may be indicated for symptom evaluation, malig- 
nancy surveillance, and in several special circumstances (Table 42.1). 



Table 42.1. Indications for EGD 



Indication 


Specific examples 


Symptoms 


• Dyspepsia* 

• Dysphagia 

• Odynophagia 

• Pyrosis* 

• Nausea and vomiting 

*If persistent, recurrent despite 
medical management, or associated 
with other gastrointestinal symp- 
toms or signs such as weight loss 


Malignancy surveillance 


• Barrett’s epithelium 

• Gastric polyps 

• Familiar polyposis syndromes 

• Gastric ulcer 

• Esophageal ulcer 

• Marginal (postgastrectomy) 
ulcer 


Other circumstances 


• Occult gastrointestinal bleeding 

• Cirrhosis (to evaluate varices) 

• Malabsorption (for small intes- 
tine biopsy) 



2. Therapeutic EGD is appropriate for acute upper gastrointestinal 
bleeding, foreign body ingestion, polyp removal, dilation of stenoses, 
placement of feeding or drainage catheters, eradication of esophageal 
varices, and palliative therapy of obstructing neoplasms (see Chapters 
43.1.1-43.2.6). 
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B. Patient Preparation 

1. Keep the patient NPO for 6 to 8 hours before routine elective EGD. 
This minimizes aspiration risks associated with a sedated procedure, 
and facilitates a complete and unhampered examination. 

2. Consider a longer period of preparation (NPO, and/or liquid diet) if 
gastric outlet obstruction or impaired gastric motility is anticipated. 

3. If retained ingested material, secretions, or blood are likely, consider 
preprocedural gastric aspiration or lavage. 

4. Obtain informed consent for the procedure. This includes a discus- 
sion of specific complications as well as anticipated outcomes and 
their general frequency. Review alternative therapies, the information 
to be gained from the proposed study, and anticipated practical im- 
pact on the patient’s care. If a new technique is likely to be em- 
ployed, frank discussion of experience with the new method is in or- 
der. 

5. Apply monitoring devices (see Chapter 41) and ensure that a secure 
intravenous line is in place. 

6. Have the patient remove dentures. 

7. Topical anesthesia is usually employed prior to EGD. Effective 
topical anesthesia facilitates intubation and comfort of the otherwise 
neurologically intact patient (especially when sedation is not em- 
ployed), and may allow a smaller amount of sedation to be used. 

a. Deliver the topical agents to the posterior pharynx by spray or 
gargle, rather than to the oral cavity and tongue only. 

b. Topical anesthetics take a few minutes to work. Use this time to 
check the endoscope (see Chapter 39) and verify that all items 
that might be needed (such as biopsy forceps) are available. 

c. Test the patient’s gag response before attempting endoscopy. 
This is a good indicator of patient tolerance. 

d. Several applications may be required. 

e. Topical agents are probably of marginal importance when 
deeper conscious sedation is required. 



C. Perfonnance of Diagnostic Upper 

Gastrointestinal Endoscopy — ^Normal Anatomy 

1. Place the patient in the left lateral decubitus position with a pillow 
under the head. 

2. Place a bite block between the teeth. 

3. Lubricate the endoscope with water-soluble lubricant and hold it in 
front of the patient’s mouth. The initial insertion is best done under 
visual guidance: 

a. Hold the endoscope in the right hand, approximately 20 to 30 
cm from the tip. 
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b. This facilitates passage through the upper esophageal sphincter 
without releasing and regrasping the instrument. If the endo- 
scope is held farther back, it may buckle. 

c. Position the endoscope in front of the mouth in such a way that a 
simple deflection of the large (up/down) control wheel with the 
thumb of the left hand moves the tip to the desired curve (inferi- 
orly in the axis of the patient’s midline). 

d. Rotate the instrument with the right hand to orient this down- 
ward deflection in the appropriate axis. 

e. Next, straighten the instrument, pass it through the bite block, 
and insert it to the level of the posterior pharynx. 

f. Maintain the endoscope in the midline of the pharynx, and de- 
flect the tip inferiorly by repeating the maneuver as rehearsed 
above. Attention should now shift to the video monitor. The 
base of the tongue and epiglottis will be seen anteriorly. 

g. Advance the endoscope slowly and smoothly to minimize gag- 
ging, using torque with the right hand to accomplish right/left 
movements and left thumb deflections to make anterior/posterior 
adjustments. Visualize the laryngeal cartilages and vocal cords, 
and advance the scope in the midline immediately posterior to 
the arytenoid cartilages (Fig. 42.1). 




Figure 42.1. The esophageal opening is recognized as a simple slit at the base 
of the triangle formed by the glottis, just behind the arytenoid cartileges. The 
two pyriform sinuses lie on each side of the esophageal opening. 
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h. Passage through the upper esophageal sphincter is facilitated by 
having the patient swallow, which relaxes the sphincter. 

i. Often the simple presence of the instrument in this area will 
initiate a swallow and allow passage through the upper 
esophageal sphincter. 

ii. If the patient is not too deeply sedated, asking him or her to 
perform a swallow may achieve the same. 

iii. If gentle pressure in the appropriate midline position does 
not achieve the above, withdraw the scope and repeat the 
maneuver; lateral deflection into the pyriform sinus area 
can easily occur and lead to injury if increasing pressure is 
applied. 

i. Alternative techniques, such as placing two fingers in the pa- 
tient’s mouth to guide the endoscope and keep it in the midline, 
are especially useful for patients who are under anesthesia. 

j. If an endotracheal tube is in place, it is crucial that someone 
hold the endotracheal tube to prevent accidental dislodgment. It 
may be necessary to deflate the balloon to allow the endoscope 
to pass. 

4. Advance the endoscope slowly down the length of the esophagus, 
again using torque and limited deflection of the up/down control 
wheel to allow preservation of a luminal view at all times. Never ad- 
vance the endoscope without a visible lumen (Fig. 42.2). 

5. Watch for peristaltic activity, distensibility, and mucosal appearance. 
Measure the distance from the incisors to the squamocolumnar junc- 
tion (where the white esophageal epithelium abruptly gives way to 
pink gastric mucosa). Identify the location of the diaphragm by ask- 
ing the patient to sniff. Visible contraction of the diaphragm will pro- 
duce extrinsic compression of the esophagus. 

6. As soon as the endoscope enters the stomach, step back from the ta- 
ble and allow the instrument to assume an unrestrained, straightened 
posture. This is often best accomplished by completely letting go of 
the scope with the right hand as one steps back. 

7. With the patient on the left side, this will typically orient the instru- 
ment in the stomach such that the greater curve will be at the 6 
o’clock position, the lesser curve at 12 o’clock, and the anterior and 
posterior walls to the left and right, respectively (Fig. 42.3). Insufflate 
sufficient air to obtain a good view, and note rugal folds, peristaltic 
activity, and distensibility. Avoid overdistention, as this may trigger 
pylorospasm. 

8. Continue to advance the endoscope down the length of the stomach, 
maintaining upward deflection of the tip in a gentle curve to preserve 
an antegrade view and hug the lesser curvature (Fig. 42.4). 
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Figure 42.2. A. The endoscope is advanced down the relatively straight 
esophagus until the lower esophageal sphincter is identified. B. The lower eso- 
phageal sphincter often coincides with the transition from squamous epithelium 
(white) of the esophagus to mucosa (pink) of the stomach. 
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Figure 42.3. With the patient in the left lateral decubitus position, the endo- 
scopist facing the patient, and the scope relaxed as described in the text, entry 
into the stomach will generally give a view oriented with the lesser curvature at 
12 o’clock, the greater curvature at 6 o’clock, anterior at 9 o’clock, and poste- 
rior at 3 o’clock. 




Figure 42.4. As the endoscope is advanced, the lumen is kept in view. A gentle 
upward deflection of the tip helps the endoscope hug the lesser curvature. 
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9. Advance the endoscope to the pylorus and carefully note the pyloric 
channel and duodenal bulb. Often some of the best views of the bulb 
are achieved prior to pyloric intubation via such an antegrade view. 
Make very fine maneuvers of the deflection wheels to hold the pylo- 
rus in the center of the visual field as gentle continued advancement 
of the scope allows it to pass into the proximal duodenum (Fig. 42.5). 

10. Rarely, application of a brief period of suction will allow the pylorus 
to be drawn over the scope if it seems unwilling to otherwise admit 
the same, provided the suction is applied as the tip of the scope sits 
immediately in front of the opening of the pyloric channel. 

11. Carefully visualize the duodenal bulb before advancing the instru- 
ment further. The posterior bulb is often the most challenging area to 
visualize well. Inspection of this area can be achieved by withdraw- 
ing the endoscope and using torque and fine deflections of the tip to 
achieve an adequate view (Fig. 42.6). 




Figure 42.5. The pylorus is viewed from the gastric antrum. The endoscope is 
gently advanced while keeping the pylorus directly in the center of the visual 
field. Sometimes the pylorus will be observed to open and close. Position the 
endoscope ready to pass through the pylorus when it opens. 
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Figure 42.6. The duodenal bulb lacks folds. At the distal and superior aspect is 
the superior duodenal fold, which marks the entrance to the second portion of 
the duodenum. 



12. Advance the endoscope as far into the second portion of the duode- 
num as luminal visualization permits (Fig. 42.7). 

a. In some cases, full introduction into the second and third portion 
of the duodenum is easily achieved in this fashion. 

b. More commonly, the posterior sweep of the duodenum requires 
some further maneuvering. In such settings, the luminal view is 
lost as the duodenum turns posteriorly near the junction of its 
first and second portions. 

c. Deflect the tip of the instrument slightly upward with the left 
thumb on the larger control wheel and simultaneously rotate the 
left wrist 90 degrees clockwise. This is best accomplished with 
the right hand completely off the endoscope. 
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Figure 42.7. The second portion of the duodenum is recognized by its concen- 
tric semicircular folds. 



d. Next, pull back on the endoscope to straighten it and achieve 
further advancement of the tip. This “paradoxic motion” occurs 
as the instrument moves from the looped, greater curvature po- 
sition in the stomach (which usually follows initial antegrade 
intubation), to a lesser curve or “short stick” position. 

e. Further antegrade intubation can also be accomplished after this 
maneuver, if deeper duodenal entry is desired. 

13. As the endoscope is withdrawn, carefully inspect all areas. 

14. Position the endoscope with its tip in the gastric antrum and retroflex 
it. 

a. Deflect the tip of the instrument upward, using the left thumb on 
the larger control wheel, while simultaneously rotating the left 
wrist 90 degrees counterclockwise. Frequently an “owl’s eye” 
view of both pylorus and cardia may be seen as the tip crosses 
the incisura to look directly back at the cardia (Fig. 42.8). 

b. This maneuver is easily accomplished with the right hand off the 
endoscope. 
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c. Manipulate the endoscope with the right hand (torque, ad- 
vancement, withdrawal) to obtain optimal visualization of the 
incisura, cardia, fundus, and remaining proximal stomach. Grasp 
the endoscope 10 to 20 cm from the patient’s mouth to allow a 
wide range of movements to be done with fluid motions. 

d. Often the “gastric lake” of dependent fundic fluid is seen from 
this vantage point, and should be suctioned to allow complete 
inspection. Suction of fluid is most efficient when the meniscus 
of the fluid surface is oriented transversely across the endo- 
scopic field of visualization. In this position, the suction port (at 
6 o’clock in the visual field) is located completely under the 
fluid, while a luminal view is preserved above the same. Short 
bursts of suction at a lower setting minimize capturing of the 
gastric mucosa in the port, which requires repositioning before 
continuing the suction process. By proceeding in this fashion, 
fluid evacuation can be accomplished efficiently while continu- 
ing dynamic inspection of the lumen. 

15. Return the endoscope to its normal (straight, antegrade) position and 
gradually remove it, reinspecting all areas as the instrument is re- 
moved. 

16. Suction excess air after the stomach is reinspected during withdrawal. 
Carefully inspect the esophagus, hypopharynx, and larynx during re- 
moval. 



D. The Postoperative Stomach 

The postoperative stomach offers some special challenges worthy of brief 
mention. Foregut disease states, which may prompt surgical intervention and 
the associated anatomic changes, are listed in Table 42.2. As a general rule, the 
endoscopist does not need to change the technique of the examination because 
of these alterations, other than being sensitive to, capable of recognition of, and 
able to identify specific problems related to, their presence. Preendoscopic 
review of prior operative reports or contrast studies can be invaluable, particu- 
larly in patients with multiple previous operations. 

A few additional techniques assist the endoscopist in these special situa- 
tions. These techniques, in conjunction with a sound understanding of anatomy 
and the basic maneuvers described in section C, will enable the endoscopist to 
conduct the postoperative exam with the same facility as in the normal anat- 
omic setting. When difficulty is encountered or anticipated, consider one or 
more of these special techniques: 
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Table 42.2. Anatomic alterations associated with specific surgical interven- 
tions. 



Disease Category 


Anatomic Changes 


Surgical Procedures 


Gastroesophageal reflux 


• Augmentation of 
the cardia 


• Fundoplication 


Peptic ulcer disease 


• Gastric outlet al- 
teration 

• Partial absence of 
stomach 


• Pyloroplasty 

• Gastroduodenostomy 

• Gastrojejunostomy 

• Antrectomy with Bill- 
roth I, II, or Roux-en-Y 
reconstruction 


Neoplasia 


• Partial or complete 
absence of stomach 


• Subtotal or total gas- 
trectomy, varying re- 
constructions 


Morbid obesity 


• Gastric partitioning 

• Gastric bypass 


• Vertical banded gastro- 
plasty 

• Gastric bypass 



1. Longer but small caliber instruments, such as a pediatric colono- 
scope, are useful for accessing the jejunal limbs after gastrojejunos- 
tomy (Fig. 42.9). 




Figure 42.9. A pediatric colonoscope facilitates intubation of the jejunal limbs, 
particularly the afferent limb, after gastrojejunostomy. 
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2. A side-viewing duodenoscope may facilitate visualization of the 
proximal stomach when a small, surgically reduced pouch precludes 
normal retroflexion. 

3. Vital staining or other special tests are used to visualize subtle mu- 
cosal changes (Lugol’s solution, methylene blue), or to monitor post- 
vagotomy parietal cell function (pH indicators). 

4. Change the position of the patient to avoid retained material (be- 
zoars), or to place the area being intubated in a more dependent loca- 
tion. 



E. Tissue Sampling Techniques 

Biopsy and brushing techniques are an important adjunct to endoscopic 
visualization in the conduct of upper gastrointestinal endoscopy. Brush cytol- 
ogy, forceps biopsy, large particle biopsy, and chromoscopic techniques en- 
hance the diagnostic yield beyond that provided by endoscopic inspection 
alone. 

Cytology is particularly useful in the evaluation of fungal and viral infec- 
tions of the foregut, and is also an acceptable way to evaluate for Helicobacter 
pylori infection. It can add 10% to the diagnostic yield of biopsy alone in the 
evaluation of upper gastrointestinal malignancy. Brush cytology for malig- 
nancy is 85% to 90% sensitive and close to 100% specific in the foregut set- 
ting. Touch cytology is a technique where a standard biopsy is processed by 
rolling it on a slide and then fixing and staining the same for cytologic review. 
This technique has been shown to be a useful adjunct to biopsy alone when 
evaluating for infectious organisms including Candida, Helicobacter, and Gi- 
ardia. 

Standard biopsy techniques offer high diagnostic yields for a number of 
foregut pathologies, provided the disease is manifested at the mucosal level. 
Appropriate targeting of the tissue being sampled can be important in optimiz- 
ing diagnostic yield. In the setting of evaluation for H. pylori, it has been 
shown that diagnostic yields are comparable from all areas of the stomach, and 
virtually all infected patients can be identified by a combination of three biop- 
sies obtained from the prepyloric antrum, lesser curve near the incisura, and 
greater curve body. With malignant ulcers, yields are highest with multiple 
biopsies (7 to 10), obtained from the rim of the ulcer as well as its base. Such 
approaches, particularly when combined with brush cytology and salvage cy- 
tology of material retained in the endoscope biopsy channel following forceps 
biopsy, allow documented diagnostic accuracies of 100% with malignant gas- 
tric ulcers. 

1 . Perform brush cytology by passing a sheathed brush through the en- 

doscope biopsy channel. 

a. Position the sheath adjacent to the area to be sampled and extend 
the brush. 

b. Vigorously move the sheath-brush complex to and fro across the 
area being evaluated. This dislodges cells onto the brush. 
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c. Retract the brush back into the sheath to prevent sample loss 
while the sheath is being withdrawn through the endoscope bi- 
opsy channel. 

d. The material obtained is then processed onto slides for cytologic 
evaluation. 

e. Washing the brush itself in balanced salt solution may allow re- 
covery of additional material for pathology review. 

2. Forceps biopsy provides sufficient tissue (generally limited to the 
mucosa) for histologic examination. Several kinds of biopsy forceps 
are available, and it is important to choose the proper type for the in- 
tended purpose. 

a. Spiked forceps have a tiny needle-like projection between the 
jaws of the forceps. These facilitate obtaining multiple biopsies 
on a single pass of the forceps, and may enhance the endo- 
scopist’s ability to grasp tissue that is oriented tangentially to the 
endoscope by helping the forceps to firmly engage the tissue to 
be sampled. 

b. Large cupped forceps, or jumbo forceps as they are often 
called, require a therapeutic size endoscope with a 3.7-mm bi- 
opsy channel. They typically provide a larger mucosal specimen, 
but do not usually allow submucosal sampling. 

3. Endoscopic mucosal resection is sometimes useful when larger ar- 
eas of mucosa are to be biopsied or excised. This allows more com- 
plete removal of areas of suspicious mucosal pathology. It is particu- 
larly applicable in the setting of early gastric cancer, where it is used 
in concert with endoscopic ultrasound evaluation. 

a. Inject saline underneath the target lesion to elevate the mucosa 
and produce an easier target to snare. Hypertonic saline prolongs 
the effect. 

b. Resect the target lesion with a standard snare technique. 

c. The technique may be modified by using two small-caliber en- 
doscopes simultaneously. This allows the first endoscope to 
provide forceps traction after injection, while the second endo- 
scope applies the snare around the base of the lesion. 

d. Another modification utilizes a single cap-fitted endoscope ca- 
pable of applying suction to the tissue, which is snared after be- 
ing drawn into the cap. 

4. Large particle biopsy allows submucosal tissue sampling in the set- 
ting of infiltrative submucosal pathology not amenable to standard 
mucosal biopsy techniques. The risk of perforation is higher with 
such techniques, and other alternatives for submucosal evaluation and 
sampling are becoming available via endoscopic ultrasound (see be- 
low). 

a. Use a therapeutic, two-channel endoscope. Pass a snare down 
one channel and a biopsy forceps down the second. 

b. Open the snare and place it over the area to be sampled. 
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c. Pass the biopsy forceps through the snare. Pick up and elevate 
both mucosa and submucosa, thus allowing the snare to incorpo- 
rate a deeper level of tissue than would otherwise be possible. 

5. Chromoscopic techniques are briefly mentioned above because of 
their particular utility in the postoperative setting. Chromoscopy is 
probably underutilized in the United States, and can be employed 
along with magnification video-endoscopy to enhance detection of 
neoplastic and preneoplastic mucosal abnormalities. 

a. Lugol’s solution (typically 20 cc or more of a 1% to 2% solu- 
tion applied directly via an endoscopic catheter) stains glycogen 
containing tissue, which is present in normal esophageal squam- 
ous mucosa. Areas of intestinal metaplasia, carcinoma, and in- 
flammation stain negatively with this agent, and may thus be 
more apparent for biopsy sampling after its application. 

b. Methylene blue is usually applied as a 0.5% to 1% solution in 
similar volume following application of a mucolytic agent, and 
is taken up selectively by absorptive epithelium, such as intesti- 
nal metaplasia. 



F. Endoscopic Ultrasound 

Endoscopic ultrasound (EUS) is an area of expanding significance in diag- 
nostic upper gastrointestinal endoscopy. Current areas of application include 
the diagnosis and staging of upper aerodigestive tract neoplasia, diagnosis of 
submucosal pathology, and diagnosis of choledocholithiasis. A specially de- 
signed endoscope is required. 

EUS-guided fine-needle aspiration cytology offers great promise in add- 
ing to the diagnostic potential of this modality, and may make it a diagnostic 
procedure of choice in the setting of esophageal, gastric, pancreatic, and even 
pulmonary neoplasia. Its staging potential in these settings, particularly in view 
of this tissue sampling capability, is increasingly being shown to be superior to 
radiologic methods such as computed tomography. EUS is also showing prom- 
ise in the diagnosis and monitoring of submucosal pathology such as stromal 
and neuroendocrine lesions, and varices. 

With continuing technologic improvements, including the availability of 
instruments capable of combined luminal visualization and EUS, through the 
scope high-frequency/high-resolution probes, Doppler capability, therapeutic 
echoendoscopes with elevator-equipped biopsy channels, and improved tissue 
sampling instrumentation, EUS is poised for increasing importance and utiliza- 
tion in the years ahead. Factors which may limit its application include instru- 
ment cost, a steep learning curve required for meaningful interpretation (50-100 
cases), low reimbursement, and dearth of studies documenting significant and 
cost-effective changes in patient management based on its use. References at 
the end of this section give further information on this emerging diagnostic 
tool. 
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A. Indications 

Documented hemorrhage from esophageal varices is the indication for 
endoscopic treatment of bleeding esophageal varices. 

1. Perform diagnostic upper gastrointestinal endoscopy as soon as 
possible after the patient who presents with an upper gastrointestinal 
hemorrhage has been resuscitated and is hemodynamically stable. 

2. Confirm hemorrhage from varices by observing: 

a. Actively bleeding varices, 

b. A varix with a fibrin plug (“cherry red spot” or pigmented pro- 
tuberance), or 

c. The presence of varices with no other identifiable source of up- 
per gastrointestinal bleeding. 



B. Patient Positioning, Room Setup, and Special 
Considerations in the Bleeding Patient 

1 . Place the awake sedated patient in the left lateral decubitus position. 

2. Adequate monitoring, suctioning and resuscitation apparatus must be 
readily available, particularly in patients who are actively bleeding. 

3. Patients who are combative, encephalopathic, or are bleeding briskly 
may require endotracheal intubation. This protects the airway, and 
allows sufficient sedation for the procedure to be performed. Intu- 
bated patients may be treated in the left lateral or supine position (see 
Chapter 41, Monitoring, Sedation, and Recovery). 



C. Technique of Endoscopic Variceal Band 
Ligation 

Both endoscopic band ligation and sclerotherapy (see Chapter 43.1.2) are 
effective techniques for management of bleeding varices. This section describes 
endoscopic ligation performed with a “single shot” device. 
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1. Insert an endoscope overtube, using the endoscope itself or an eso- 
phageal dilator as an obturator. Newer ligators allow multiple liga- 
tions without an overtube. 

2. Attach the ligating device to the endoscope and insert it through the 
overtube. The overtube facilitates removal and reloading for multiple 
ligations. 

3. A multifire ligator eliminates need for the overtube, but care must be 
exercised when introducing the multifire devices to avoid damage to 
the hypopharynx. 

4. Ligate the most distal esophageal varices first, usually beginning at or 
just caudad to the gastroesophageal Junction. 

a. Perform subsequent ligations at the same level or more cepha- 
lad. 

b. Treat actively bleeding patients in the same manner, unless a 
bleeding site is identified. In this case, it is ligated first, either by 
placing the band on the rent in the varix or by ligating proximal 
and distal to the rent. Subsequent ligations are performed as 
above until all varices in the distal esophagus are ligated at least 
once. 

5. Identify the target lesion and advance the endoscope under direct vi- 
sion until the banding cylinder is in full 360-degree contact with the 
target. 

6. Activate endoscopic suction, drawing the lesion into the banding 
chamber (Fig. 43.1.1.1). When the target has filled the chamber, as 
witnessed by a complete redout, pull the trip wire to securely fix the 
latex “0” ring around the base of the target. 

7. Repeat ligation treatments aimed at eradication of varices are con- 
ducted at 1 to 3 week intervals until varices in the distal esophagus 
are obliterated. Elective repeat treatments are performed on an outpa- 
tient basis. 
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Figure 43.1.1.1. A. The endoscopist makes contact with the varix to be ligated. 
B. The varix is aspirated into the ligating device using endoscopic suction and 
the elastic band is ejected from the ligator to ensnare the varix. C. The ligated 
varix. (Reprinted with permission from Springer-Verlag; World J Surg 
1992;16:1034-1041.) 
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D. Complications of Endoscopic Band Ligation 

1 . Overtube complications 

a. Cause and prevention: Mechanical complications caused by 
introduction of the overtube consist of partial or complete cervi- 
cal esophageal perforations or mucosal trauma causing bleeding. 
The cause is usually “pinching” of the esophageal wall in the 
gap between the overtube and the endoscope when the latter was 
used as an obturator for introduction. Using an esophageal dila- 
tor (which completely fills the lumen of the overtube) as an ob- 
turator should prevent this problem. 

b. Recognition and management: Bleeding from overtube trauma 
to the mucosa is usually self-limited. Esophageal perforation 
should be suspected when intense cervical pain or crepitance is 
observed. Perforation should be confirmed with water soluble x- 
ray contrast studies. Antibiotic administration, primary repair of 
the perforation, and drainage is usually indicated. When perfo- 
ration is suspected clinically (e.g., cervical crepitance) but no 
leak is seen on x-ray contrast studies, a 5-day course of antibi- 
otics effective against oral flora may be indicated. 

2. Other complications directly related to endoscopic ligation are in- 
frequent. Bleeding from ligation site ulcers occurs in up to 8% of pa- 
tients. Shallow ulcers occur at each treated site when the ligated tis- 
sue bolus sloughs (usually 3 to 6 days following ligation) and are not 
preventable. There is no evidence that sucralfate or acid blocking 
agents decrease this risk. Diagnosis and treatment is usually by repeat 
endoscopy and repeat ligation or sclerotherapy. Many such bleeding 
episodes are self-limited. 
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Bleeding 
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A. Indications and Results 

Endoscopic sclerotherapy (ES) and variceal banding (Chapter 43.1.1) are 
currently accepted as primary treatment modalities for bleeding esophageal 
varices. When variceal hemorrhage is found to be the cause of bleeding by 
initial diagnostic endoscopy, the patient is best served if the endoscopist pro- 
ceeds to definitive control of bleeding with ES or variceal banding. 

Indications for ES are similar to those for banding and (1) actively bleeding 
varices; (2) nonbleeding varices with stigmata of bleeding (an erosion, clot, or 
red or brown elevations on the surface of the varix); and (3) nonbleeding vari- 
ces without any other lesion or source of bleeding. Prophylactic ES in patients 
who have not yet experienced variceal hemorrhage is controversial. There are 
both positive and negative reports on this. In Japan, prophylactic ES or variceal 
banding is standard procedure. Currently, we do not perform prophylactic ES. 

Sclerotherapy controls acute variceal bleeding in 75% to 95% of patients. 
Most clinical reports show that ES reduces recurrent bleeding from esophageal 
varices. Hospital mortality rates of 25% to 30% have been reported. There have 
been a few controlled studies indicating that ES of esophageal varices, com- 
pared with medical therapy, improves overall survival. 



B. Contraindications 

There are no contraindications to the use of ES in the acute phase of hemor- 
rhage. Endoscopy should be performed after adequate resuscitation. In case of 
massive bleeding, we usually intubate the patient to prevent aspiration, which is 
relatively common in massively bleeding patients. With torrential bleeding, a 
Blakemore or Minnesota tube may be necessary for 12 to 24 hours before at- 
tempting sclerotherapy. 



C. Technical Considerations 

1 . Timing and preparation: Perform ES at the earliest possible time in 
a patient’s hospital course. ES can be done in the endoscopy exami- 
nation room, or in the intensive care unit. An expert endoscopist and 
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a skilled assistant should be available since emergency endoscopy re- 
quires the utmost skill and clinical judgment. Carefully monitor the 
bleeding patient during the procedure. 

2. Endoscopy: Video endoscopes are preferred for ES. The author uses 
a double-channel or large, single-channel video endoscope for acute 
upper gastrointestinal bleeding, but switches to a single-channel en- 
doscope for elective sclerotherapy or band ligation. The author does 
not use an overtube or balloon cuff to tamponade the injection site. 

3. Needle (injector): Single-use disposable sclerotherapy injectors are 
available from several manufacturers. These provide a catheter or 
sheath with a 23- or 25-gauge needle capable of advancing 5 mm be- 
yond the end of the catheter. 

4. Sclerosant: Geography and operator preference determine the choice 
of sclerosant. In the United States, three effective sclerosing agents 
are available (Table 43.1.2.1). 



Table 43.1.2.1. Sclerosing Agents Available in the United States 



Sodium morrhuate 




Sodium tetradecyl sulfate 


0.75-1.5% solution, or 
1% in combination with 33% 
ethanol and 0.3% normal saline 


Ethanolamine oleate 


Used extensively in Europe and 
Japan 

Most expensive agent 
Author’s sclerosant of choice 



5. Volume of sclerosant: The volume of sclerosant varies according to 
the type of sclerosant used, number, size and length of varices, and 
the presence of active bleeding. The average volume injected per 
puncture is 1 to 3 ml, although larger varices will require more vol- 
ume. The total volume of solution injected during the first procedure 
varies from 10 to 20 ml, depending on the size and number of vari- 
ces. 

6. Injection site: The sclerosant may be injected into the varix (intrava- 
riceal) or in the tissue adjacent to the varix (paravariceal) (Fig. 
43.1.2.1). 
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Paravariceal 




Figure 43.1.2.1. In intravariceal injection, the sclerosant is injected directly into 
the varix. In paravariceal injection, sclerosant is injected in the surrounding 
tissues. 



D. Technique of Variceal Injection 

This section describes the technique of intravariceal injection. This is the 
method most commonly used. 

1. Pass the injection needle through the biopsy channel of the endo- 
scope and advance it into view. 

a. Choose a target for injection. Begin the injections at two or 
three points in each line of varices at 2- to 3-cm intervals, from 
just above the gastroesophageal junction up to the proximal 
esophagus. Successful obliteration of varices in the distal 
esophagus usually eliminates the proximal varices or at least de- 
creases their size. 

b. Advance the needle out of the sheath and pass it directly into 
the lumen of the varix. 

c. In most cases, the injections are made in a direction tangential to 
the varix (Fig. 43.1.2.2). 

d. An assistant performs the injection while the endoscopist con- 
trols the position of the needle within the varix. 

e. The goal of the intravariceal injection is to introduce the scle- 
rosant directly into the lumen of the varix, resulting in acute 
variceal thrombosis. 

2. If a site of active variceal bleeding is seen, begin injections distally, 
continue proximally, and fmally into and around the site until bleed- 
ing is controlled. 

a. Usually 6 to 9 ml of sclerosant are injected (2 to 3 ml for three 
or four injections). 
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Before injection 



During injection 



After injaction 



Figure 43.1.2.2. The injections begin just above the gastroesophageal junction 
and progress up into the proximal esophagus. 



b. Then inject other varices. 

c. The author injects sclerosant directly into the varices, and re- 
moves the needle slowly while injecting to tamponade the injec- 
tion site (Fig. 43.1.2.1). 

3. Bleeding gastric varices are difficult to treat endoscopically and re- 
sults are not as good as ES of esophageal varices. Injection of a large 
volume of sclerosant or bucrylate into gastric varices has been de- 
scribed. There are two types of gastric varices: junctional varices and 
fundic varices. 

a. Junctional varices are gastric varices seen as an extension of 
esophageal varices and without extension into the fundus. These 
are treated with standard intravariceal sclerotherapy from the 
proximal, connecting, esophageal varices. 

b. Fundic varices are gastric varices confined to the fundus, with 
channels extending distally to the gastroesophageal junction. 

i. In patients with fundic varices, the author performs sclero- 
therapy only on varices that are bleeding or have stigmata 
of bleeding, using the retroflexed view. The author’s pref- 
erence is to inject 2 ml into the varices, with a total of 6 to 
9 ml of 5% ethanolamine oleate. 

ii. Cyanoacrylate has been used for the control of gastric 
variceal hemorrhage. Either isobutyl-2 or N-butyl- 
cyanoacrylate is mixed with Lipiodol and injected directly 
into the varices, producing a virtual acrylic cast of the vari- 
ces. It appears to be quite effective, but major concerns in- 
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elude the lack of a licensed, deliverable agent and the po- 
tential for endoscopic damage. 

c. Control of gastric pH with high-volume continuous intrave- 
nous infusion of H 2 blockers or oral omeprazole (20 to 40 mg 
every 12 hours) has been recommended to decrease the risk of 
bleeding from injection site erosions. 



E. Injection Schedule and Timing of Therapy 

After successful initial hemostasis by ES, ES is repeated during hospitali- 
zation. The number and intervals of injections for obliteration of varices differ 
according to the sclerosant and injection methods. The authors inject two to 
four times electively, in 2- to 3-day intervals during hospitalization, and repeat 
at 6- to 8-week intervals until the varices are believed to be obliterated. 

Repeat outpatient sclerotherapy is necessary every 2 to 6 months to pre- 
vent rebleeding from residual or new varices. If bleeding vessels or varices are 
still apparent during follow-up examination, they should be injected. For the 
most part, recurrent bleeding is not as severe as the initial episode and can be 
controlled by repeat ES. Compliance with follow-up sclerotherapy and absti- 
nence from alcohol abuse improve the prognosis. Patients who adhere to these 
recommendations but still have progressive liver failure may benefit from liver 
transplantation. 



F. Complications 

The complication rate is reported to be from 12% to 50%. Complications 
may be divided into major and minor ones. Major complications are severe 
bleeding, perforations, mediastinitis, adult respiratory distress syndrome, sep- 
sis, and stricture formation. Major complications occur in about 2% to 3% of 
patients. Among the minor complications are fever, transient chest pain, 
odynophagia, and pleural effusion, which are usually transient and inconse- 
quential. Esophageal ulcers are commonly seen a few days after injection and 
usually heal spontaneously. 
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43.2.1. Control of Nonvariceal Upper 
GI Bleeding 



Choichi Sugawa, M.D. 



A. Introduction 

Early endoscopy has an important role in the evaluation and treatment of 
the patient with upper gastrointestinal bleeding. Definition of the precise ap- 
pearance of the lesions by endoscopy gives important information about the 
prognosis, risk of rebleeding, and indications for surgery. There are several 
effective endoscopic modalities for the control of bleeding. This section de- 
scribes several techniques currently used for endoscopic management of non- 
variceal upper gastrointestinal bleeding. 



B. Diagnosis 

Although individual series vary, peptic ulceration generally is the most 
common cause of upper gastrointestinal bleeding, followed by acute erosive 
gastritis, esophageal varices, and Mallory-Weiss tears. Other sources include 
esophagitis, tumors, vascular malformations, and gastric varices. Before endo- 
scopic hemostasis can be achieved, the exact sites of bleeding must be accu- 
rately identified and the visual field must be clear. Endoscopic hemostasis 
should be attempted only under the following circumstances: the precise 
bleeding site can be visualized, hemostatic devices can be accurately placed 
near the bleeding vessels, and hemonliage is not torrential. 



C. Indications 

The strongest endoscopic predictor of persistent or recurrent bleeding is 
ongoing active bleeding at the time of endoscopy. The presence of a discrete 
protuberance within the ulcer crater is important. This is referred to as a “visi- 
ble vessel” or “sentinel clot” (Fig. 43.2.1.1). Some pigmented protuberances 
(e.g., red, blue, purple) imply a high risk of rebleeding. 
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(Exposed 

Mucosa 

Muscularis mucosa 

Muscle layer 
Subserosal artery 

Figure 43.2.1.1. A visible vessel or sentinel clot on the base of the ulcer. 




Indications for hemostasis include active bleeding from a peptic ulcer or 
ulcers with a sentinel clot. Mallory-Weiss tears, acute gastric mucosal lesions, 
and esophagitis usually cause only minor bleeding. If severe bleeding does 
occur in these lesions, there will be a discrete ulcer with either an arterial 
bleeder or a sentinel clot. Multiple clinical and endoscopic risk factors can be 
used to predict the occurrence of continued or recurrent bleeding (Table 
43.2.1.1). 



Table 43.2.1.1. Clinical and endoscopic risk factors for continued or recur- 
rent bleeding 

Clinical risk factors 

Patient history 

Age >60 years 

Coexistent major organ system disease 
In-hospital onset 
Admission hemoglobin <8.0 

Other clinical criteria 

Shock (systolic blood pressure <90) 

Transfusion requirements > 5 U packed erythrocytes 
Coagulopathy 
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Table 43.2.1.1. continued 

Endoscopic risk factors 
Endoscopic appearance 

Torrential hemorrhage 

Ulcer location in posterior bulb or high on lesser curvature 
Active spurting or oozing from base 
Pigmented protuberance (visible vessel) 

Adherent clot 
Doppler-positive lesion 



Many terms have been used to describe mucosal and submucosal vascular 
lesions: telangiectasia, arteriovenous malformation, and angiodysplasia. Endo- 
scopic distinction of these three lesions is seldom possible. Endoscopic treat- 
ment should aim at the submucosal level and avoid ftill-thickness bum. A small 
lesion can be easily treated directly by endoscopic hemostasis. With a larger 
lesion, treatment proceeds from the periphery to the center of the lesion. 



D. Methods and Results 

Several modalities are available for endoscopic control of hemorrhage. 
These include thermal devices (including electrocautery), injection therapy, 
clips, and other methods. Each will be described here. The author has employed 
a variety of methods, but, because of laboratory and clinical experience, cur- 
rently favors the use of epinephrine injection, heater probe, and multiple co- 
agulation, sometimes in combination with epinephrine and a thermal modality. 

1. Thermal therapy. Thermal devices are among the most commonly 
employed and effective. Localized heating causes tissue edema, 
shrinkage, protein denaturation, contraction of blood vessels, and tis- 
sue desiccation to achieve hemostasis. 

a. Heater probe: This device is preferable because of cost and 
portability, in addition to effectiveness. Probes are available in 
diameters of 3.2 and 2.4 mm. They are designed to allow the si- 
multaneous application of heat and pressure (coaptive coagula- 
tion) (Fig. 43.2.1.2). 

i. Apply the heater probe to the bleeding vessel with firm 
pressure. The objective is to coapt the vessel walls (Fig. 
43.2.1.3). The large-diameter probe (3.2 mm) is more ef- 
fective. 

ii. When the vessel is occluded by pressure, apply three to 
four sequential pulses of 30 joules each in tandem for a to- 
tal of 120 joules, with no cooling period between pulses. 
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Figure 43.2.1.2. Heater probe power unit with foot pedal and large probe 
(Olympus Corp. Ltd., Tokyo, Japan). Irrigation from the tip of the heater probe. 
Simultaneous tamponade and washing of a bleeding arterial lesion are feasible 
with the heater probe. 




Depressed blood vessel 



Figure 43.2.1.3. Simultaneous application of heat and pressure (coaptive co- 
agulation). 
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iii. Recommended techniques for heater probe hemostasis for 
different types of bleeding lesions are shown in Table 
43.2.1.2. Fewer joules and total pulses are recommended 
for Dieulafoy’s disease, Mallory-Weiss tears, and gastro- 
intestinal angiomas. 



Table 43.2.1 .2. Techniques for heater probe hemostasis 



Lesion 


Tamponade 

pressure 




Pulses/ 

tamponade 

station 


Site of 
hemostasis 


Chronic peptic 
ulcer* 


Very firm 


30 


4 


Only on visi- 
ble vessel 


Acute ulcer or 

Dieulafoy’s 

disease** 


Firm 


25 


3 


Only on 
bleeding point 


Mallory-Weiss 

tear** 


Moderate 


20 


2-3 


Only on 
bleeding point 


GI angiomas*** 


Gentle 


10 


1-2 


Entire angioma 



♦Treatment of visible vessel (either actively bleeding or nonbleeding) only is recom- 
mended. 

♦♦Treatment of actively bleeding lesions only. 

♦♦♦For treatment of all angiomas in the bowel segment causing GI bleeding. 

Source: Jensen DM. 

b. BICAP (multipolar) endoscopic probe. New types of the bi- 
polar electrode, called the bipolar circumactive probe (BICAP), 
and the Gold probe have been developed. These have equally 
spaced microelectrodes along the side and over the tip, and can 
contact the bleeding lesion from any direction. The power unit 
incorporates a water pump, allowing water irrigation of the tar- 
get area intermittently or constantly. Bipolar probes produce less 
damage compared with monopolar electrocoagulation or YAG 
lasers. 

i. Press the probe against the bleeding site in order to find the 
precise point that tamponades bleeding. 

ii. When the exposed bleeding artery (sentinel clot with 
bleeding) is demonstrably occluded by pressure, apply heat 
to seal the vessel (Fig. 43.2.1.3). 

iii. The optimal technique for bipolar electrocoagulation 
should include the use of the large (3.2 mm) probe, posi- 
tioning of the tip of the endoscope en face as close as pos- 
sible to the bleeding lesion, lower watt settings of 3 to 5 
(i.e., 15-25 W), and prolonged periods of coagulation. 

iv. Multiple 2-second pulses given in rapid succession appear 
to be as effective as a single, long pulse of identical dura- 
tion. 
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c. Laser photocoagulation. The intense monochrome light energy 
produced by a laser can be directed through safe flexible light 
guides and effectively coagulate tissue. Currently there are two 
lasers suitable for endoscopic therapy: the neodymium yt- 
trium-aluminum-gamet (Nd: YAG) laser and the argon laser. 

i. The standard recommendation for use of the Nd:YAG laser 
is 80 watts of energy over 0.5 -second pulses from a dis- 
tance of 1 cm. 

ii. Begin laser therapy at least 2 to 3 mm away from the visi- 
ble arterial segment. 

iii. Depending on the distance (0.5 cm, for example), a lower 
and shorter setting may be required. 

iv. The control trials of ulcer hemostasis generally suggest that 
laser photocoagulation is effective treatment for both ac- 
tively bleeding and nonbleeding visible vessels. The lasers 
are not portable, are extremely costly, and require a high 
level of training for both the laser endoscopist and techni- 
cian. 

Injection therapy. Injection sclerotherapy of esophageal varices has 
been shown to be relatively safe and effective in the control of 
bleeding esophageal varices (see Chapter 43.1.2). This technique has 
been expanded to include nonvariceal bleeding lesions. Injection 
therapy is simple, inexpensive, readily available, and can be per- 
formed at the time of diagnostic endoscopy. Injection therapy with 
saline or water provides effective hemostasis mainly by tamponade. 
Several other agents have been used. 

a. Epinephrine (1:10,000). Epinephrine injection is more effective 
for immediate hemostasis and preferable to ethanol injection be- 
cause of greater overall effectiveness, ease, and lessened tissue 
damage. 

i. This solution is made by mixing 1 ml of epinephrine 
(1: 1,000) with 9 ml of normal saline (0.9%). 

ii. The total volume used ranges from 5 to 10 ml, with a larger 
volume used to stop spurting vessels. 

iii. Inject this solution directly around the blood vessel in 3 to 
4 increments (Figs. 43.2.1.4, 43.2.1.5). 

iv. Recent controlled studies concluded that endoscopic epi- 
nephrine injection was effective in stopping bleeding, and 
decreased the transfusion requirement and the need for 
emergency surgery. No complications were reported. 

b. Absolute ethanol 

i. The total dose of 0.6 to 1.2 ml of 98% dehydrated ethanol 
(Abbott Laboratories) is injected through a 1 ml disposable 
plastic tuberculin syringe in amounts of 0.1 to 0.2 ml per 
injection. 

ii. Inject this solution at three or four sites surrounding the 
bleeding vessel, and 1 or 2 mm from the vessel, causing 
thrombosis, to dehydrate and fix the blood vessel (Figs. 
43.2.1.4,43.2.1,5). 
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Bleeding 
X Injection site 



Figure 43.2.1.4. Epinephrine or ethanol is injected around and into the bleeding 
point at the base of the ulcer. 




Figure 43.2.1.5. The principle of the hemostatic effect of epinephrine (tampon- 
ade) and ethanol (dehydration and fixation of tissue). 
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iii. Permanent hemostasis with absolute ethanol injection re- 
portedly has a success rate of greater than 90%. Ethanol 
injection is technically more difficult, as it is injected pre- 
cisely in small volumes. 

c. Epinephrine followed by other sclerosing agents or thermal 
therapy. 

i. Epinephrine (1: 10,000, 5 to 10 ml) is injected submucosally 
directly around the blood vessel to obtain initial hemostasis 
by compression and vasoconstriction. 

ii. To achieve definitive hemostasis by obliterating the vessel, 
5 ml of 1% polidocanol or multipolar electrocoagulation or 
heater probe is applied into the blood vessel after initial in- 
jection of the epinephrine solution. 

iii. Research shows that application of further therapy after 
initial injection therapy improves the hemostatic results. 

3. Other therapies. Many other forms of endoscopic therapies have 

been assessed for the treatment of bleeding ulcers. 

a. Metallic clip (hemoclip). Hemoclips (miniature metal clips) can 
be applied to bleeding vessels by a special flexible slip applica- 
tor through the biopsy channel of an endoscope. With recent im- 
provements in the clip and applicator, this technique is easier to 
perform. It is very popular in Japan, where good results are re- 
ported. Recently, this clip has become available in the United 
States. 

b. Argon plasma coagulator. Activated argon gas is currently 
used by surgeons to promote hemostasis on the surface of the 
diaphragm or the liver. Inert argon gas is delivered into the in- 
testinal lumen through a small catheter in the biopsy channel of 
the endoscope. Once the wire at the tip of the catheter is acti- 
vated, the argon gas becomes electrically energized, and an 
electric spark is formed from the tip of the sheath to the intesti- 
nal wall. This is a noncontact thermal modality. The argon 
plasma coagulator is an excellent modality to stop bleeding from 
superficial lesions such as radiation proctitis, vascular malfor- 
mations, and polypectomy-induced bleeding. 



E. Complications 

Complications include perforation, induced acute hemorrhage, and delayed 
hemorrhage. The incidence of perforation from endoscopic hemostasis has been 
low, with rates of 1% to 2% commonly quoted. Induced bleeding can occur 
more commonly during thermal therapy than injection therapy. It is desirable to 
limit the area and depth of treatment as much as possible in clinical applica- 
tions in order to prevent ulceration caused by endoscopic therapy itself. (See 
Chapter 44, Complications of Upper Gastrointestinal Endoscopy.) 
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43.2.2. Endoscopic polypectomy 
A. Indications 

Polypectomy is less commonly applied in the upper GI tract than in the 
colon, because the majority of upper GI polyps are submucosal or inflamma- 
tory in origin, and true adenomas are unusual. Although few of these lesions 
have malignant potential, biopsy of dominant masses is indicated to exclude 
early gastroesophageal malignancy. 



B. Technique 

A diathermy snare is effective for esophageal or gastric lesions amenable 
to excisional biopsy. 

1 . Use a forward-viewing endoscope. 

2. Pass the snare loop over the polyp and tighten the snare around its 
stalk. 

3. Excise the lesion with a blend of cutting and coagulation electrocau- 
tery. 

4. Gastric polyps may be less pedunculated and therefore require a two- 
channel endoscope for their manipulation and excision (see Chapter 
42, Diagnostic Upper Gastrointestinal Endoscopy). 

5. Endoluminal gastric surgery may be an alternative for excision of 
gastric lesions not amenable to snare excision (see Chapter 21, Gas- 
tric Resections). 

a. This employs laparoscopic instruments and techniques to work 
within the stomach. 

b. Trocars are placed through the abdominal wall into the stomach. 
The number and orientation of trocars depends on the position of 
the pathology. 

c. While a flexible endoscope may be used to guide endoluminal 
surgery, a rigid laparoscope introduced through an intragastric 
trocar optimally facilitates the procedure. 
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d. Resection of mucosa-based polyps is facilitated by submucosal 
injection of saline to elevate the lesion. 

e. Submucosal lesions may be “shelled out” and the mucosa closed 
over the defect. 



43.2.3. Dilatation 

A. Indications 

Upper gastrointestinal strictures are dilated to improve passage of food and 
saliva. Dilatation should be preceded by a precise diagnostic evaluation, in- 
cluding biopsies, to detect the underlying etiology and to exclude unrecog- 
nized malignancy. Dilatation is routinely applied to peptic esophageal stric- 
tures, and may also be beneficial in cases of gastric outlet obstruction from 
ulcer disease or stenosis after gastroenterostomy or pyloroplasty. The objective 
of esophageal dilatation is to resolve dysphagia. Patients who can accept a 44- 
French dilator are able to swallow most foods. 



B. Technique 

1. Mercury-filled rubber bougies are useful in cases of simple, 

straight strictures. 

a. Maloney dilators have a tapered end, and are well tolerated and 
easy to use. 

b. The patient may be treated sitting or in the left lateral decubitus 
position. 

c. Most patients require only topical anesthetic spray; however, 
small doses of midazolam or meperidine should be available 
since dilatation may cause discomfort. 

d. Use fluoroscopy liberally, especially for patients with narrow 
strictures or large hiatal hernias. 

e. Determine the initial caliber of the stricture by passing succes- 
sively larger dilators until resistance is appreciated. 

f. Dilate the lumen 6 to 10 French beyond this point, using only 
mild force to advance the dilators. 

g. Schedule repeat sessions at 1- to 3-week intervals until dyspha- 
gia is resolved. Overzealous dilatations increase the risk for eso- 
phageal perforation. 

2. Wire-guided dilators are more rigid than Maloney dilators, and are 

preferred for tight, tortuous strictures. 

a. Place a guide wire across the stricture and into the stomach us- 
ing an endoscope. 

b. Pass graded dilators over the wire with fluoroscopic control. 
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c. Do not dilate a stricture more than 6 to 10 French at any one ses- 
sion, with repeat dilations at 1- to 3-week intervals until dyspha- 
gia is resolved. 

3. Hydrostatic balloons may be used to dilate upper GI strictures under 
endoscopic visualization. Since the endoscopist cannot “feel” the 
stricture, he or she must estimate its diameter. The balloon is inflated 
with water to a predetermined pressure. Use of progressively larger 
balloons and multiple procedures are frequently necessary. 



43.2.4. Palliation of Upper Gastrointestinal 
Malignancies 

A. Indications 

Endoscopic palliation is indicated when resection or other therapy has 
failed or is impracticable. The most common site is esophageal, and obstruction 
is the most common indication for endoscopic intervention. Occasionally 
bleeding or tracheoesophageal fistula require endoscopic control. This section 
describes several methods currently used for palliation of malignant esophageal 
obstruction. 



B. Techniques 

In cases of advanced esophageal cancer with short life expectancy, dilata- 
tion (see section 43.2.3) alone may afford satisfactory relief of dysphagia. The 
follow techniques are available when more lasting relief is needed. 

1. Endoscopic or radiographic placement of rigid plastic or expandable 
wire stents across malignant esophageal strictures will achieve more 
durable alleviation of symptoms. BoA rigid and self-expanding metal 
stents are available. 

a. Stents are directed into position over an endoscope or an inner 
guide tube placed across the stricture. 

b. Rigid stents are manually pushed into position across the stric- 
ture. These stents are more economical, but are accompanied by 
a 5% to 10% incidence of perforation at placement and a 15% 
incidence of early migration. 

c. Rigid prostheses are not easily tolerated for proximal esophageal 
strictures due to discomfort and airway compression. For these 
reasons, more expensive self-expanding wire stents have gained 
popularity. 

d. Self-expanding wire stents are more easily delivered across tight 
strictures because of their narrower profile before expansion. 
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and are less prone to migrate since they engage the tumor with 
outward force. 

e. Problems with tumor ingrowth have been lessened by urethane 
coating and wire coils. 

2. Laser ablation of bulky esophageal tumors offers effective palliation 

of dysphagia in 70% to 80% of patients after 3 to 5 sessions. 

a. Prophylactic antibiotics and under intravenous sedation are use- 
ful for most. 

b. Visualize the tumor and direct an endoscopic NdiYAG or KTP 
laser at the intralumenal component of a tumor to heat and va- 
porize the obstructing tissue and restore a 10- to 12-mm lumen. 

c. If the anatomy permits, traverse the tumor with the endoscope 
and treat during withdrawal. Antegrade treatment is associated 
with a higher perforation rate. 

d. Complications such as perforation, bleeding, and fistula are re- 
ported in 5% to 20%. 



43.2.5. Foreign Body Removal 
A. Indications 

Impacted food is the most prevalent esophageal foreign body in adults. 
Sometimes ingestion of carbonated beverages or administration of nitrates or 
calcium-channel blockers will result in clearance of a retained esophageal food 
bolus. Otherwise, rigid or flexible endoscopy will allow successful retrieval in 
99% of cases. 

Swallowed foreign bodies that have cleared the esophagus usually proceed 
uneventfully through the alimentary tract. Thus most foreign body ingestions 
that do not result in esophageal impaction can be managed by watchful waiting. 
Sharp, large, or potentially dangerous foreign objects may need to be removed 
from the stomach or duodenum. 



B. Technique 

A rigid endoscope permits better suction and easier fragmentation of the 
bolus, but a flexible instrument is safer in high-risk patients. Improvements in 
instrumentation have made fiberoptic endoscopy the procedure of choice for 
most endoscopists. 

1 . Most impacted food can be pushed into the stomach with the expec- 
tation that it will then pass normally. 

2. Retrieve other foreign bodies with snares or foreign body removal 
forceps. 

3. Use a small-caliber fiberscope with an overtube to overcome many of 
the drawbacks of flexible endoscopy. 
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4. Grasp smooth or round foreign bodies such as coins with a snare of 
alligator type forceps. 

5. Remove sharp foreign bodies (such as open safety pins) with the 
point trailing. This may necessitate pushing the object into the stom- 
ach where it can be turned around and positioned properly for re- 
moval. 

6. After removing foreign object, especially impacted food boluses, 
make a careful search for underlying pathology. 

7. Maintain a high index of suspicion for associated perforation. Care- 
fully inspect the mucosal surfaces after removal. 
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A. Indications 

Gastrostomy is indicated as a route for enteral feedings in patients with 
functioning gastrointestinal tracts who are unable to take oral nutrition. Gas- 
trostomy may be indicated in patients with stroke, dementia, progressive neu- 
rologic processes, severe psychomotor retardation, tumors of die upper aerodi- 
gestive tract, or severe facial trauma. Patients should demonstrate potential for 
extended survival with adequate nutrition. Critically ill patients with a low 
probability of survival are not appropriate candidates for percutaneous endo- 
scopic gastrostomy (PEG) or other invasive methods of feeding tube place- 
ment. When the patient’s status is uncertain, begin feedings via a nasoenteric 
feeding tube, and continue this until it is likely that the patient will tolerate an 
invasive procedure and demonstrates a potential for extended survival. 

Three basic routes for gastrostomy creation are now available: traditional 
surgical gastrostomy, laparoscopic gastrostomy (see Chapter 18, Laparoscopic 
Gastrostomy), and percutaneous endoscopic gastrostomy (PEG). There are 
advantages and disadvantages to each method (Table 43.2.6.1). 

Two methods of PEG placement (the “push” and “pull” techniques) are in 
current use and will be described here. A simple modification allows placement 
of a feeding tube in the jejunum, and will be considered at the end of this sec- 
tion. 



Table 43.2.6.1. Advantages and disadvantages of methods of gastrostomy for- 
mation 



Method 


Advantages 


Disadvantages 


Surgical gastrostomy 


• Secure fixation of 
stomach to anterior 
abdominal wall 

• Permanent tract 
may be created 


• Requires laparot- 
omy 

• May require gen- 
eral anesthesia 
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Table 43.2.6.1. continued 



Method 


Advantages 


Disadvantages 


Laparoscopic gastros- 
tomy 


• Less invasive 

• May achieve se- 
cure fixation of 
stomach to ab- 
dominal wall 

• Visual selection of 
site of entry onto 
stomach 


• Requires laparo- 
scopic access 

• May require gen- 
eral anesthesia 


PEG 


• May be performed 
under local anes- 
thesia 

• May be done in the 
endoscopy suite 

• Single puncture, no 
incision 


• Requires patent 
upper gastrointes- 
tinal tract 

• Early dislodgment 
of tube may require 
laparotomy 

• Potential for injury 
to adjacent viscera 
unless technique 
carefully followed 



B. The “Push” Technique for PEG Placement 

This method utilizes the Seldinger technique to place a Foley catheter in the 
stomach under endoscopic guidance. The Foley catheter balloon must remain 
inflated to maintain tube position. Dislodgment of the tube may result if the 
balloon is inadvertantly deflated. The advantage of this method is that the en- 
doscope need be passed just once. Ease of tube dislodgment is a major disad- 
vantage and the authors prefer the “pull” technique for this reason. Kits are 
available for each method. 

1. Two trained individuals are needed: one to perform the upper gas- 
trointestinal endoscopy and the second to perform the PEG insertion. 
Video-endoscopy allows all members of the team to visualize the 
procedure. 

2. Place the patient on the endoscopy table in the supine position. 

3. Prepare the upper abdomen in the usual fashion. 

4. Topical anesthesia of the oropharynx may be supplemented with in- 
travenous sedation to allow endoscopy. Local anesthesia will be in- 
filtrated at the PEG site. 

5. Introduce the endoscope into the stomach, perform a careful exami- 
nation, and fully inflate the stomach. 

6. Maneuver the endoscope so that its light is seen through the anterior 
abdominal wall. It may be necessary to turn off the room lights and 
use the X-illumination function of the video-endoscope to see this. 
Choose a point on the upper abdomen where the transillumination is 




464 



C E H Scott-Conner and J Ponsky 



easily seen. This transillumination indicates that the inflated stomach 
is closely apposed to the anterior abdominal wall without intervening 
tissue or viscera (for example, the colon). The site will generally be 
just proximal to the incisura. 

7. Gently depress the abdominal wall at the selected site. The endo- 
scopist should easily see the wall indent (Fig. 43.2.6.1). 





Figure 43.2.6.1. A. Transillumination and finger depression of the abdominal 
wall confirm juxtaposition of the inflated stomach and the anterior abdominal 
wall. B. The site selected will generally be approximately halfway between 
costal margin and umbilicus. 
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8. Infiltrate the selected site with local anesthesia. 

9. Use a #1 1 blade to make a skin incision 3 to 4 mm in length. 

10. Remove the needle, guide wire, dilator, and sheath from the kit. Con- 
firm that the Foley catheter passes easily through the sheath. Test the 
balloon of the Foley catheter. 

11. Thrust the needle through anterior abdominal wall and well into the 
stomach. 

12. Pass the guide wire through the needle and remove the needle. 

13. Pass the dilator over the guide wire, followed by the sheath. Firm but 
gentle pressure and a twisting motion facilitate their passage. The 
technique is the same as that used for percutaneous insertion of ve- 
nous catheters. Endoscopic visualization confirms passage of needle, 
wire, dilator, and finally the sheath into the stomach. 

14. Occasionally the dilator or sheath will tent up the mucosa of the 
stomach rather than entering the stomach. The endoscopist can apply 
counterpressure with the closed tip of a biopsy forceps, or increase 
the insufflation of the stomach. The sheath must fully enter the stom- 
ach. 

15. Lubricate the Foley catheter and slide it into the stomach through the 
sheath. Peel away the sheath and remove it. Inflate the balloon of the 
Foley catheter. Pull the catheter back until the stomach is just barely 
indented by pressure of the balloon and secure the catheter in place. 
Too much tension on the catheter may lead to pressure necrosis of the 
gastric wall; too little may allow leakage around the tube. 



C. The “Pull” Technique for PEG Placement 

1. Prepare the patient and select a site for PEG placement as described 
in section B, items 1 to 8. 

2. Make the skin incision a bit longer, generally around 1 cm in length. 
This appears to decrease the incidence of infection around the tube 
site, as the tube will be pulled through mouth, esophagus, and stom- 
ach before exiting the skin. 

3. The endoscopist should position an open polypectomy snare against 
the anterior stomach wall at the expected entry site. 

4. Take the needle, braided suture, and catheter from the kit and confirm 
that all are in good working condition. The needle may have a short 
sheath over it. 

5. Thrust the needle through the small skin incision and into the stom- 
ach. The needle should enter the stomach through the polypectomy 
snare. If the snare does not encircle the needle at this point, allow the 
endoscopist to reposition the snare. If the needle carries a sheath, 
confirm that the sheath has entered the stomach and withdraw the 
needle. 

6. Look carefully at the braided suture and note that one end is doubled 
back upon itself, essentially sharply folded on itself. Insert this end 
through the needle (or sheath) and into the stomach. 
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7. Withdraw the needle. Allow the endoscopist to lasso the braided su- 
ture. The endoscopist should tighten the snare and withdraw endo- 
scope, snare, and braided suture out through the patient’s mouth (Fig. 
43.2.6.2). Maintain control of the end of the braided suture so that it 
is not pulled completely into the stomach. The braided suture will 
generally have a knot or metal clip as a safeguard. 





Figure 43.2.6.2. The braided suture is snared by the endoscopist and will be 
drawn back through the esophagus to exit through the mouth. 
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Figure 43.2.6.3. The PEG tube is pulled back into the stomach. Endoscopic 
verification of placement is essential. 



8. The PEG catheter is then handed off to the endoscopist. The PEG 
catheter has a tapered end that terminates in a suture loop. The endo- 
scopist passes one loop through the other in such a fashion that the 
PEG catheter is securely fastened to the braided suture. The catheter 
is generously lubricated with water-soluble lubricant. 

9. Gently but firmly pull the braided suture back through the abdominal 
wall. The PEG cadieter will follow (Fig. 43.2.6.3). Resistance will be 
encountered as the flange of the PEG catheter enters the esophagus, 
and again as the tapered portion of the PEG catheter exits the ab- 
dominal wall. 

10. After the tapered portion exits the anterior abdominal wall, the rubber 
tube of the catheter will be seen. Some catheters have marks or are 
otherwise identifiable. Continue to pull gently but firmly until resis- 
tance indicates that the bumper of the PEG tube is engaged on the 
stomach wall. 

11. The endoscopist should then reinsert the endoscope and again visu- 
alize the entry site. Visual confirmation of adequate position of the 
bumper, which should be snug but not tight against the gastric wall, is 
the final maneuver prior to securing the catheter (Fig. 43.2.6.4). 
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Figure 43.2.6.4. Endoscopic verification of adequate positioning of the bumper, 
which should be snug but not tight against the gastric wall. 



D. Endoscopic Placement of Jejunal Feeding 
Tubes 

Small caliber feeding tubes may be placed through the pylorus under endo- 
scopic guidance. The tube may be a nasoenteric feeding tube, or may be placed 
adjacent to or through a PEG. 

1. Visualize the tube with an endoscope positioned in the stomach. 
Grasp the tube with an alligator forceps. 

2. Advance the endoscope and feeding tube through the pylorus under 
direct vision. 

3. Try to advance the tube as far into the duodenum as possible. 

4. Position the patient with the head of the bed elevated and left side 
down. 

5. Allow gravity to carry the tube farther down into the jejunum. 
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44. Complications of Upper 
Gastrointestinal Endoscopy 



Brian J. Dmkin, M.D. 



A. General Considerations 

Flexible upper gastrointestinal endoscopy is a safe procedure with a com- 
plication rate well below 2 %. The incidence of complications increases when 
biopsy, polypectomy, or other invasive diagnostic or ^erapeutic maneuvers are 
performed. 

Proper preparation for esophagogastroduodenoscopy (EGD) begins with a 
thorough history and physical examination. Both physician and patient should 
understand the indications for the procedure and possible complications. Pa- 
tients who undergo EGD are frequently older and may have multiple medical 
problems or be taking medications that increase the risk of complications. Gen- 
eral risk factors include advancing age, history of cardiac disease, or history of 
chronic obstructive pulmonary disease. Specific problems that are likely to be 
encountered and the manner in which they increase risk are given in Table 
44.1. 



Table 44.1. Medical problems that may increase the risk of EGD 



Medical problem 


Nature of complication 


Valvular heart disease 


Bacterial endocarditis 


Diabetes 


Hypoglycemia (due to NPO status) 


Liver disease 


Oversedation (inability to metabolize 
narcotics and benzodiazepines) 


Depression 


Hypertensive crisis (monoamine oxi- 
dase inhibitors react with meperidine) 


Renal insufficiency 


Oversedation, seizures (inability to 
excrete normeperidine, a meperidine 
metabolite) 


Cardiac dysrhythmias 


Dysrhythmia, hypotension 


Chronic obstructive pulmonary dis- 
ease 


Hypoxemia, carbon dioxide retention 


Bleeding diatheses 


Bleeding 
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Cardiopulmonary complications: Although the overall complica- 
tion rate is low, 40% to 46% of serious complications are cardiopul- 
monary, related to hypoxemia, vasovagal reflexes, and relative hy- 
potension. 

a. Hypoxemia is common. Up to 15% of patients experience a de- 
crease in oxygen saturation below 85% during EGD. 

i. Cause and prevention: This is due to sedation and to en- 
croachment upon the airway. 

ii. Recognition and management: Routine monitoring of 
oxygen saturation gives the diagnosis. Supplemental oxy- 
gen should be administered, but may result in carbon diox- 
ide retention if chronic obstructive pulmonary disease is 
present. Constant observation by a second individual who 
monitors vital signs, oxygen saturation, and level of con- 
sciousness (and reminds the patient to take periodic deep 
breaths) can help minimize this problem. A jaw thrust ma- 
neuver, performed by this assistant, will often improve air- 
flow and oxygen saturation. 

b. Bradycardia 

i. Cause and prevention: The vasovagal reflex can trigger 
bradycardia and hypotension. Pretreatment with atropine 
combats the bradycardia, but the resulting tachycardia may 
increase myocardial oxygen demand. Patients who are tak- 
ing beta-blockers may be unable to manifest a tachycardia 
in response to pain and hypovolemia. This relative brady- 
cardia then contributes to hypotension (see below). 

ii. Recognition and management: Continuous ECG moni- 
toring allows early recognition. Atropine is generally the 
drug of choice. Further management should follow ad- 
vanced cardiac life support (ACLS) protocols. 

c. Hypotension 

i. Cause and prevention: Hypovolemia, cardiac dysrhyth- 
mias, myocardial ischemia, drug interactions, and overse- 
dation are all potential causes. Monitoring, adequate hy- 
dration, and attention to medications and level of sedation 
are all crucial. Take a careful history, including medication 
usage, prior to EGD. 

ii. Recognition and management: Periodic blood pressure 
checks during the procedure and in the recovery phase will 
allow early detection. Administer a fluid bolus and search 
for other treatable causes (e.g., bradycardia). 

d. Endocarditis, infection of prostheses (including joint pros- 
theses): Both diagnostic and therapeutic EGD have been dem- 
onstrated to cause bacteremia. The significance of this is not en- 
tirely clear, but certain groups of patients are considered at risk 
and should receive antibiotics prior to endoscopic procedures 
(Table 44.2). Carefully seek any past history of endocarditis, 
valvular heart disease, or recent valve or joint replacement sur- 
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gery. An acceptable prophylactic regimen for these high-risk 
patients is 2 gm of parenteral ampicillin and 1.5 mg/kg gentami- 
cin (up to 80 mg) 30 minutes before the procedure. This should 
be followed by a single dose of oral amoxicillin 1.5 g 6 hours 
after the procedure. One gram of parenteral Vancomycin may be 
substituted for the ampicillin in patients allergic to penicillin. 



Table 44.2. American Society for Gastrointestinal Endoscopy (ASGE) recom- 
mendations for antibiotic prophylaxis for endoscopic procedures 



Patient Condition 


Procedure 


Antibiotic Prophylaxis 


Prosthetic valve, Hx 
endocarditis, systemic- 
pulmonary shunt, syn- 
thetic vascular graft 
<lyr old 


Stricture dilation, varix 
sclerosis, ERCP for 
obstructed biliary tree 

Other endoscopic pro- 
cedures including EGD 
and colonoscopy (with 
or without biopsy or 
polypectomy), variceal 
ligation 


Recommended 

Insufficient data to 
make firm recommen- 
dation; endoscopists 
may choose on case- 
by-case basis 


Cirrhosis and ascites, 
immunocompromised 
patient 


Stricture dilation, varix 
sclerosis, ERCP for 
obstructed biliary tree 

Other endoscopic pro- 
cedures including EGD 
and colonoscopy (with 
or without biopsy or 
1 polypectomy), variceal 
ligation 


Insufficient data to 
make firm recommen- 
dation; endoscopists 
may choose on case- 
by-case basis 

Not recommended 



ERCP, endoscopic retrograde cholangio pancreatography 



2. Medications that cause bleeding diatheses: Many medications have 
the potential to cause bleeding problems. A list of common medica- 
tions, problems, and suggestions for management is given below. 

a. Aspirin: aspirin irreversibly poisons platelets and the effect lasts 
until new platelets replace the affected platelets. With an aver- 
age life span of 10 days in the circulation, a significant replace- 
ment effect can be noted after about 7 days. Aspirin should be 
stopped 1 week prior to the procedure if possible. If therapy is 
performed, aspirin should not be restarted for another 14 days. 

b. Other nonsteroidal antiinflammatory drugs (NSAIDs) also in- 
hibit platelet function, but the effect is variable and reversible. 
Piroxicam (Feldene) has an effect similar to aspirin in duration. 
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Most other NSAIDs can be stopped 48 hours prior to the proce- 
dure. 

c. Warfarin is another drug commonly encountered in the EGD 
patient. As in open surgery, there is no consensus as to its peri- 
procedure management. Anticoagulated patients undergoing di- 
agnostic EGD alone are not at increased risk for bleeding. Those 
undergoing therapeutic EGD, however, may be. There are basi- 
cally four options for management of anticoagulated patients 
undergoing therapeutic EGD: stop the warfarin with no heparin 
coverage, stop the warfarin with heparin coverage, continue 
warfarin at the usual dose, or continue at a reduced dose. In de- 
ciding which option to choose, it is important to assess the pa- 
tient’s risk for a thromboembolic complication off anticoagula- 
tion and to be clear on the indications for a therapeutic EGD. 
Patients at highest risk for thromboembolism are those with me- 
chanical heart valves, coronary artery disease with persistent ex- 
ertional angina, overt arterial disease at more than one site, and 
those with a history of a thromboembolic event while antico- 
agulated. The risk-benefit ratio of the four anticoagulation op- 
tions must be individualized for each patient. 

d. Ticlopidine (Ticlid) is commonly given to patients with cardio- 
vascular problems. It retards platelet aggregation. A single dose 
will effect the platelets for 4 to 36 hours. The bleeding time is 
maximally increased after 5 to 6 days of therapy and will take 4 
to 8 days to normalize after stopping the drug. The drug should 
therefore be managed the same as aspirin. In an emergency 
situation, the time to normalization of the bleeding time can be 
decreased to less than 2 hours by administering intravenous 
methylprednisolone. 

e. Dipyridamole (Persantine) is a coronary vasodilator. There is 
no evidence that it increases the risk of bleeding from therapeu- 
tic endoscopy. 

3. Transmission of infection: Strict adherence to proper cleansing pro- 
cedures is important to avoid iatrogenic transmission of bacterial or 
viral infection. 

a. Pseudomonas aeruginosa infections caused by contaminated 
scopes or water bottles have been frequently reported and have a 
high mortality rate. 

b. Salmonella, Helicobacter, and Mycobacterium contamination 
have also been documented. 

c. Viral infections have not been documented convincingly, and to 
date there has been no evidence of colonization of an endoscope 
with HIV and no reports of transmitting HIV to a patient from a 
contaminated scope. 

4. Aspiration: Topical anesthesia, gastric distention, and sedation all 
increase the risk of aspiration during EGD. Yankauer suction must be 
available in case the patient vomits during endoscopy. Patient posi- 
tion is important: the left lateral ducubitus position with the head 
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slightly elevated reduces the risk of aspiration. Patients requiring 
emergent endoscopy or a supine position for the procedure (e.g., PEG 
placement) are less able to protect their airway. Consider intubation 
for patients undergoing EGD for bleeding or foreign body removal. 

5. Complications of conscious sedation: Take a careful history with 
attention to patient allergies, medications, and comorbidities. Use the 
smallest amount of sedation that will provide the desired effect. Nar- 
cotics and benzodiazepines in combination are more likely to produce 
cardiopulmonary complications than either dmg given alone. Flu- 
mazenil (reversibly inhibits benzodiazepines) and Narcan (reversibly 
inhibits opiate analgesics) should be readily accessible before the 
start of the procedure. Remember that these drugs have a shorter half- 
life than the benzodiazepine or narcotic being inhibited. Therefore, a 
patient who is awake and responsive after receiving Narcan or 
flumazenil may again become unresponsive when the drug wears 
off. 



B. Complications of Diagnostic EGD 

Mechanical complications of diagnostic EGD include esophageal perfora- 
tion and dislodgment of teeth. 

1 . Esophageal perforation: 

a. Cause and prevention: The cervical esophagus is the area most 
likely to be perforated. Risk factors include anterior cervical os- 
teophytes, Zenker’s diverticulum, esophageal stricture or web, 
or a cervical rib. Most cervical esophageal perforations occur 
during rigid endoscopy, or with blind passage of a flexible endo- 
scope. Gentle passage under direct visual control is the best way 
to prevent perforation. Perforation can occur at any level where 
there is a stricture or other pathology. Retching with an overin- 
sufflated stomach and the endoscope occluding the gastro- 
esophageal junction (GEJ) can result in Mallory-Weiss tears or 
esophageal perforation. Avoid this by adequate sedation, limit- 
ing insufflation, and removing the endoscope from the GEJ if 
the patient starts to retch. 

b. Recognition and management: Cervical pain, crepitus, and 
cellulitis are all signs of a high esophageal perforation. Distal 
perforations cause chest pain. The diagnosis is confirmed by 
water-soluble contrast esophagram. Cervical esophageal perfo- 
rations can usually be managed with antibiotics and withhold- 
ing oral intake, or by cervical exploration and drainage. Rarely 
is primary repair or diversion necessary. Distal esophageal per- 
foration may require immediate surgical drainage or repair. 
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2. Dislodgment of teeth or dentures: 

a. Cause and prevention: Avoid this problem by removing any 
dentures before introducing the scope. Place a bite block to pro- 
tect the teeth and the instrument. 

b. Recognition and management: The problem is usually recog- 
nized by the patient. Obtain a PA and lateral chest x-ray to ex- 
clude aspiration. Remove aspirated foreign bodies immediately 
(bronchoscopy). Ingested teeth will pass without incident. In- 
gested dental appliances may or may not depending on size. Re- 
peat endoscopy and removal may be needed (see Chapter 43.5, 
Foreign Body Removal). 



C. Complications of Therapeutic EGD 

1. Therapeutic endoscopy for nonvariceal bleeding is associated with 
few complications. The major risk is precipitation of bleeding from 
a nonbleeding ulcer. Complications of specific modalities used for 
control of bleeding are listed below: 

a. Injection therapy: Bleeding peptic ulcers can be controlled 
with the injection of epinephrine or a sclerosant. Plasma epi- 
nephrine levels increase four- to five-fold within minutes of in- 
jection of epinephrine, but return to baseline within 20 minutes. 
These levels may be higher in patients with liver disease. Only 
one case of asymptomatic hypertension and ventricular 
tachycardia has been reported after epinephrine injection. Scle- 
rosing agents can (rarely) cause full-thickness necrosis, ob- 
structive jaundice, and intramural hematoma. 

b. Cauterization (thermal therapy): Heater probe, multipolar 
probe, and laser all have low rates of treatment-induced bleeding 
and perforation. Monopolar cautery is generally avoided because 
of a high incidence of full-thickness injury. 

c. Other modalities: Early experience with the argon plasma co- 
agulator has been associated with no morbidity. Little data are 
available concerning the safety and efficacy of endoscopic clips. 

2. Therapeutic EGD for variceal bleeding has become commonplace 
with approximately a 90% success rate at controlling the initial 
bleeding episode. The primary complications are stricture, perfora- 
tion, and bleeding. 

a. Variceal banding: The incidence of stricture (0%), perforation 
(0.7%), and bleeding from ulceration at the banding site (2.6- 
7.8%) are all lower than with sclerotherapy. Chest pain is 
common after EVL and may be related to esophageal spasm. 
Historically, EVL had the additional risk of requiring the use of 
an overtube to facilitate multiple passes of the endoscope. This 
is not needed with multiband ligators. 
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b. Variceal sclerotherapy: Complications occur in 20% to 40% of 
cases with a 1% to 2% mortality. The most common complica- 
tions are stricture formation (11.8%), perforation (4.3%), 
bleeding from ulceration at the injection site (12.7%), and 
pneumonia (6.8%). Chest pain, pleural effusions, pulmonary in- 
filtrates and bacteremia each occur in 44% to 50% of patients. 

3. Dilatation of strictures is primarily performed for esophageal le- 
sions. Dilatation of nonesophageal lesions is becoming more frequent 
and is associated with a very low complication rate. This section con- 
centrates on the complication of esophageal dilatation. There are two 
methods of dilatation: endoscopic placement of a guide wire across 
the stricture followed by advancement of a dilator, and transendo- 
scopic balloon dilatation. It is unclear if any particular dilatation 
technique is best to avoid complications. The risk of developing a 
complication from endoscopic dilatations is more dependent on the 
underlying pathology than the technique of dilatation, provided 
proper technique is followed (see Chapter 43.3). Perforation is the 
most common complication, with an overall incidence of 0.2% for all 
techniques and pathology (Table 44.3). Esophageal dilatation results 
in bacteremia in up to 50% of patients; prophylactic antibiotics 
should be given to prevent endocarditis (see section A above). He- 
matemesis occurs in 1% to 1.5% of patients but is usually self- 
limited; hemorrhage requiring transfusion is rare. 



Table 44.3. Type of stricture and risk of perforation following dilatation 



Type of stricture 


Risk of perforation 


Benign 


Unknown 


Malignant 


9-24% 


Radiation induced 


0-3.6% 


Caustic 


0-15.4% (0.8%/dilatation) 


Anastomotic 


0% 


Achalasia 


0-6.6% 



4. Endoscopic placement of esophageal stents is most commonly per- 
formed for palliation of obstructing tumors and is often preceded by 
dilatation. Complications can occur from dilatation or from the stent 
itself. The stents can cause erosion with perforation, bleeding, migra- 
tion, tumor ingrowth with recurrent obstruction, food impaction, and 
aspiration. Stents placed in the very proximal or distal esophagus are 
associated with the highest rates of complication. Stents in the cervi- 
cal esophagus can cause difficulty with swallowing and predispose 
to aspiration. Those across the GEJ cause gastroesophageal reflux 
with esophagitis and aspiration. The risk of aspiration is minimized 
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by maintaining the patient in a “head-up” position. Esophagitis is 
managed with H 2 -blocker therapy or proton pump inhibitors. Recur- 
rent obstruction is treated with laser or argon plasma coagulator 
ablation of the tumor ingrowth, or placement of a second stent 
through the first. 



D. Complications of Percutaneous Endoscopic 
Gastrostomy and Jejunostomy 

Large cumulative retrospective studies have reported that 10% to % of both 
adult and pediatric patients have at least one complication following PEG 
placement. 

Pneumoperitoneum is a frequent occurrence after percutaneous gastros- 
tomy. This may be the result of air escaping around the puncturing needle. 
Routine x-ray films are unwarranted. Air in the abdominal cavity has been 
shown to last for up to 5 weeks after PEG placement. Patients found to have 
pneumoperitoneum after gastrostomy must be clinically evaluated. In the ab- 
sence of abdominal tenderness, leukocytosis, or fever, there is no need for fur- 
ther evaluation. 

Good skin care is important after gastrostomy. It is common to see a for- 
eign body reaction around the tube with some exudate or granulation tissue. 
Swab the exudate away with hydrogen peroxide and leave the site open to air. 
Cauterize granulation tissue with silver nitrate. Avoid occlusive dressings; 
these may lead to skin maceration. 

Other more significant complications are enumerated below. 

1 . Wound infections are common. 

a. Cause and pevention: Contamination with oral and gastric flora 
contribute to the incidence of wound infection (particularly with 
a “pull” technique). Wound problems can also result from ex- 
cess tension on the tube (causing pressure necrosis) and a small 
skin incision (which fails to allow egress of bacteria). The inci- 
dence is decreased with a single prophylactic dose of cefazolin. 

b. Recognition and mnagement: Signs and symptoms of wound 
infection include erythema around the gastrostomy tube site sev- 
eral days after the procedure, local tenderness, slight edema of 
the skin, low-grade fever, and leukocytosis. Incision and drain- 
age of the area under local anesthesia most often resolves the 
problem. Failure to identify and treat this problem at an early 
stage can result in necrotizing infections of the abdominal 
wall and death. 

2. Buried bumper syndrome (extrusion of the head of the tube from 

the gastric lumen into the subcutaneous tissue): 

a. Cause and prevention: Excessive tension is the main cause. Do 
not tighten up the bumper in an attempt to prevent leakage 
around the tube, and do not place dressings under the skin an- 
choring device. At all times, avoid excess pressure and tension. 
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b. Recognition and management: This may cause wound infec- 
tion or leakage of gastric juice and feedings into the peritoneal 
cavity or subcutaneous tissues. Remove the gastrostomy tube, 
place the patient on nasogastric suction, and treat the patient 
with parenteral antibiotics until the gastrostomy tract inflamma- 
tion and skin necrosis resolve. 

3. Leakage of feedings into the peritoneal cavity is one of the most se- 
rious complications. 

a. Cause and prevention: this is usually the result of separation of 
the gastric and abdominal walls and often is due to necrosis of 
the gastric wall due to excessive tension on the catheter. Pre- 
mature dislodgment of the tube (before a tract has formed) or 
attempt at reinsertion of a dislodged tube may result in malposi- 
tion and a similar problem. 

b. Recognition and management: Patients who develop abdomi- 
nal tenderness, fever, or leukocytosis should be evaluated for 
leakage and the resultant peritonitis. This is done by instilling 
water-soluble contrast material into the gastrostomy tube under 
fluoroscopic guidance. Intraperitoneal extravasation indicates 
something has gone awry. If ^e contrast study indicates that the 
head of the tube remains in the stomach and that the extravasa- 
tion is around it, the tube can usually be salvaged by inserting a 
nasogastric tube, placing the PEG to drainage, and administering 
intravenous fluids and antibiotics. If the contrast study reveals 
complete separation of the gastric and abdominal walls with 
dislodgment of the tube from the stomach, the tube should be 
pulled from the abdominal wall and the above treatment insti- 
tuted. A patient whose PEG has been pulled out inadvertently 
less than 2 weeks from the time of insertion should be treated 
similarly. If at any time the patient’s condition begins to deterio- 
rate or signs of peritonitis worsen, exploratory laparotomy with 
operative repair should be performed. 

4. Gastrocolic fistula has rarely been known to occur after percutane- 
ous gastrostomy. 

a. Cause and prevention: This may be due to puncture of the co- 
lon at the time of gastrostomy or pinching of the colon between 
the gastric and abdominal walls with subsequent necrosis of the 
colonic wall and fistula formation. It is prevented by careful 
technique. Laparoscopic visualization (described in Chapter 8) 
may be useful. 

b. Recognition and management: This complication usually be- 
comes apparent after several weeks with the development of se- 
vere diarrhea following feedings. It may be documented with an 
upper gastrointestinal series or barium enema. In nearly all 
cases, the condition may be treated by removing the gastrostomy 
tube. The fistula closes rapidly once the tube is removed. 

5. Progressive enlargement of the stoma around the gastrostomy tube 
may occur in some patients. 
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a. Cause and prevention: Excessive tension, poor nutritional 
status, and excess movement of the tube at skin level can cause 
this problem. As previously mentioned, avoid excess tension. 
Minimize tube mobility by securing the tube or using a stabiliz- 
ing device. 

b. Recognition and management: The problem is easily recog- 
nized by leakage of gastric juice and feedings around the tube. 
Replacing the gastrostomy tube with a larger size only provides 
a short-term solution, as the tract generally continues to enlarge. 
A better solution is to remove the tube entirely and allow the 
tract to close. When the tract contracts, insert a new, smaller 
tube. 

6. Neoplastic seeding (to skin around the gastrostomy tube) has been 
reported when PEG placement for both oropharyngeal and esophag- 
eal cancers. This is not an issue when the gastrostomy is placed for 
palliation in a patient with limited life span. It should be kept in mind 
when gastrostomy placement is planned prior to neoadjuvant therapy. 
There may be advantages to using an introducer technique in this set- 
ting, but this has not been tested. 
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45. Small Bowel Enteroscopy 



Charles H. Andrus, M.D., F.A.C.S. 
Scott H. Miller, M.D. 



A. Indications 

Small bowel endoscopy (enteroscopy) is generally used when other diag- 
nostic modalities are inadequate. 

1 . Occult GI bleeding is the most common indication. 

a. 5% of GI bleeding is undiagnosed after esophagogastroduode- 
noscopy (EGD), colonoscopy, and contrast radiographic studies. 
Enteroscopy has been reported to be successful diagnosis in 
26% to 75% of these cases. The most commonly identified 
source is an angiodysplasia. 

b. Enteroscopy may be used preoperatively as well as intraopera- 
tively to guide treatment. It provides localization of the bleeding 
source. 

2. Evaluation of small bowel tumors or polyps 

a. Familial adenomatous polyposis 

b. Gardner’s syndrome 

c. Peutz-Jeghers syndrome 

d. Lymphoma or carcinoma 

3. Assessment other small bowel pathology 

a. Crohn’s disease — ^The endoscopic mucosal involvement is dif- 
ficult to visualize due to associated stricture formation. 

b. Celiac disease — In the endoscopic diagnosis of the loss or re- 
duction in folds for the diagnosis of subtotal villous atrophy: 
sensitivity 88%; specificity, 83%; positive predictive value, 
65%; negative predictive value, 95%. 

c. Sprue 



B. Technique of Enteroscopy 

Several methods of small bowel endoscopy are available. Push and sonde 
techniques are described here, followed by a discussion of intraoperative en- 
doscopy. 

1. Push enteroscopy: This is the easiest and quickest of the methods, 
but can only reach 60 cm beyond the ligament of Treitz. 
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a. Use a pediatric colonoscope (135-145 cm) or a flexible entero- 
scope (165-2(X) cm). 

b. Employ a stiff overtube to straighten the scope from the mouth 
to the pylorus into the short (lesser curve) position in the stom- 
ach and prevent curling. 

c. This technique requires two individuals: one to control the en- 
teroscope deflection and one to control overtube placement and 
stability and forward advancement of the scope. 

d. Advance the enteroscope through the mouth and esophagus to 
just beyond the gastroesophageal junction. 

e. Advance the overtube over the scope into the proximal stomach. 

f. Advance scope and overtube together through the pylorus. 

g. Advance the enteroscope through the lumen of the small bowel 
under direct vision. Attempt to telescope the enteroscope 
through the small bowel as far as possible. 

h. Completely evaluate the small bowel mucosa during entero- 
scope withdrawal. 

2. Sonde enteroscopy 

a. A 5-mm-diameter, 275-cm scope (e.g., model SSIF VIII, Olym- 
pus Corp. Ltd, Tokyo, Japan) is inserted transnasally and intro- 
duced through the pylorus by a piggyback technique with a pe- 
diatric colonoscope. 

b. The scope has two internal channels: 

i. one for air inflation of the small bowel 

ii. one for balloon inflation 

iii. no channel for biopsies or brushes 

c. The technique consists of the placement of the scope through the 
pylorus with subsequent insufflation of the balloon and distal 
progression by peristalsis. 

d. The distal position of the scope is confirmed by fluoroscopy. 
The average transit time through the entire small bowel is ~6 
hours. 

e. Once the scope reaches its most distal position, it is withdrawn 
with small bowel insufflation and the small bowel mucosa is ex- 
amined during this withdrawal phase. 

f. Unfortunately, complete examination of the bowel during with- 
drawal is impossible due to the inability to steer this scope and 
the variability to control the rate of withdrawal through the tele- 
scoped bowel. 

3. Mayo Clinic sonde technique (prototype sonde small bowel entero- 
scope: Olympus, SIF VI KAI: 267.5 cm) 

a. The enteroscope is introduced orally through an insertion tube 
and is positioned by fluoroscopy near the pylorus. 

b. The scope is introduced through the pylorus under direct vision. 

c. A guide wire is inserted through the inner channel (2 mm di- 
ameter) and the scope is advanced over the guide wire under 
fluoroscopic control. 
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d. The average duration of the procedure is -4.5 hours. Approxi- 
mately 85% of the reported procedures by this technique have 
reached the mid- to distal ileum. 

e. Although a 2-mm channel is present, it is difficult to pass any 
instrument through the channel. 

4. Intraoperative enteroscopy 

a. This technique is considered the best and most complete method 
of endoscopic small bowel evaluation. 

b. Formal laparotomy is performed and adhesions (if present) are 
lysed so that the small intestine can be freely manipulated from 
the ligament of Treitz to the ileocecal valve. 

c. Two trained individuals cooperate. One manipulates the bowel 
through the surgical incision. The second serves as endoscopist. 

d. The endoscopist passes a standard colonoscope through the 
mouth into the stomach. 

e. The surgeon manually directs the scope through the pylorus and 
around the sweep of the duodenum while the endoscopist ad- 
vances the endoscope. 

f. With continued advancement of the scope by the endoscopist, 
the surgeon manually telescopes the small bowel over the scope 
and it is advanced to the ileocecal junction. 

g. With the operating room lights darkened, the scope is slowly 
withdrawn, with the rate of small bowel examination controlled 
by the surgeon. Manual occlusion proximal and distal allows in- 
sufflation of a selected segment without distention of the entire 
small bowel (Fig. 45.1). Ectasias and bleeding sites can be visu- 
alized by both the endoscopist directly and by the surgeon by 
transillumination. 

5. Biopsy and sampling techniques 

a. When a pediatric or standard colonoscope are employed by the 
push technique, standard endoscopic biopsy forceps and brushes 
can be utilized. 

b. When the sonde-type scopes are employed, a biopsy channel is 
absent or extremely small, preventing easy passage of biopsy, 
brush, or laser fibers. 
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Figure 45.1. Manual compression proximal and distal to a selected segment 
allow insufflation. The lesion is visualized both by the endoscopist and by 
transillumination. Reprinted with permission from Scott-Conner CEH and 
Dawson DL. Operative Anatomy (Lippincott-Raven Publishers, Philadelphia, 
PA, 1993). 



C. Complications 

1 . Epistaxis 

a. Cause and prevention: Epistaxis can be caused by prolonged 
nasal irritation and may be minimized by frequent lubrication 
during the passage of the enteroscope. 

b. Recognition and management; Although easily recognized, 
complete prevention may not be possible. 

2. Pancreatitis 

a. Cause and prevention: This is theorized to result from pro- 
longed irritation to the ampulla of Vater. No prevention is 
known. 

b. Recognition and management: Pancreatitis is documented by 
standard chemical serologic markers. It is managed according to 
severity. 

3. Perforation 

a. Cause and prevention: Forceful or blind advancement of the 
overtube may cause perforation. Advancement under direct vi- 
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sion to and through the pylorus is the best way to prevent such 
an occurrence. 

b. Recognition and management: Intestinal perforation can be 
recognized by the radiologic identification of free air and most 
probably will require operative management. 

4. Inability to advance the scope or to confirm the diagnosis: By 
sonde methods, only 50% to 75% of the mucosa is visualized on the 
average, while by ^e push technique only 60 cm distal to the liga- 
ment of Treitz can be reached. In approximately 50% of patients who 
come to enteroscopy it is not possible to definitively diagnose the site 
of GI bleeding. 
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46.1. Endoscopic Retrograde 
Cholangiopancreatography 



Harry S. Himal, M.D. 



A. Indications 

For a long time examination of the extrahepatic biliary tree and pancreatic 
duct was possible only at the time of laparotomy. In 1968 McCune, a surgeon 
and his colleagues first reported the endoscopic visualization of the common 
bile and pancreatic duct. Since then, innovations and improvements in technol- 
ogy have resulted in the technique of endoscopic retrograde cholangiopancrea- 
tography (ERCP) becoming indispensable in the diagnosis of diseases of the 
biliary tree and pancreatic duct. The development of compute tomographic 
scans, endoscopic ultrasonography, percutaneous transhepatic cholangiography, 
and magnetic resonance imaging has not diminished the importance of ERCP. 
ERCP is used for three major purposes: visualization of the ampulla of Vater, 
radiographic study of the common bile duct (cholangiography), and radio- 
graphic study of the pancreatic duct (pancreatography). Specific indications are 
listed in Table 46.1.1, and representative radiographs are shown in Figures 
46 . 1 . 1 - 46 . 1 . 6 . 



Table 46. 1 . 1 . Indications for ERCP 



• Visualization of ampulla of Vater 

Adenomas 

Carcinoma 

Surveillance in patients with polyposis syndromes 

• Cholangiography (Figs. 46.1.1-46.1.4) 

Cholestatic jaundice of unknown cause 

Choledocholithiasis 

Cholangitis 

Carcinoma of the bile duct 
Bile duct stricture 
Bile duct injury 

• Pancreatography (Figs. 46. 1 .5-46. 1 .6) 

Chronic pancreatitis 
Pancreatic carcinoma 
Pancreatic ascites 
Pancreatic pseudocyst 
Pancreatic trauma 
Gallstone pancreatitis 
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Figure 46.1.1. Normal cholangiogram obtained at ERCP. Note that gallbladder 
is also visualized. 




Figure 46.1.2. ERCP performed in patient with cholestatic jaundice in whom 
the differential diagnosis included both drug-induced and mechanical causes of 
jaundice. The cholangiogram demonstrates stones within the common bile duct. 
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Figure 46.1.3. Common bile duct full of small stones and debris in a patient 
with cholangitis. Endoscopic sphincterotomy and removal of stones and debris 
resulted in clinical improvement. 




Figure 46. 1 .4. Common bile duct injury in a patient who had undergone laparo- 
scopic cholecystectomy. Clips are seen across the proximal common bile duct. 
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Figure 46.1.5. Normal pancreatogram obtained at ERCP. 




Figure 46.1.6. Pancreatic duct in a patient with chronic pancreatitis demon- 
strating dilatation and strictures. The common duct is also visualized and dem- 
onstrates extrinsic compression by the pancreatic mass. 
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B, Facilities and Equipment 

ERCP requires the following facilities and equipment: 

1. An x-ray room capable of both fluoroscopy (to visualize which duct 
has been cannulated) and film or digital radiography. A room dedi- 
cated to ERCP is most convenient (Fig. 46.1.7). 

2. The ERCP endoscope is a side-viewing instrument that allows accu- 
rate visualization of the ampulla of Vater (Fig. 46.1.8). Videoendo- 
scopy is now considered standard for ERCP. 

3. A variety of different catheters are used to cannulate the ampulla 
(Fig. 46.1.9). 




Figure 46.1.7. X-ray facilities to carry out ERCP include fluoroscopy. Note the 
position of the patient, endoscopic cart, and fluoroscopic monitor. 
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Figure 46.1.8. The side-viewing endoscope used for ERCP allows en face visu- 
alization, biopsy, and cannulation of the ampulla of Vater. 




Figure 46. 1 .9. Catheters used for cannulation of ampulla of Vater. 
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C. Patient Preparation 

1. Explain the technique and possible complications to the patient 
and obtain informed consent. A knowledgeable, informed patient will 
cooperate with the endoscopist so that the procedure can be done 
quickly and safely. 

2. The patient is kept NPO for 6 hours prior to the procedure. Dia- 
betic patients on insulin should have an intravenous drip started. 

3. If therapeutic ERCP (papillotomy, biopsy, stone extraction) may be 
required, evaluate the coagulation status of the patient. This is par- 
ticularly important in jaundiced patients. 

4. Patients with possible biliary obstruction, cholangitis, or choledocho- 
lithiasis should receive antibiotics directed at common biliary flora. 

5. Anesthetize the oropharynx with topical anesthetic. The author pre- 
fers Xylocaine 4%. 

6. Place a secure intravenous catheter in the right hand or arm. 

7. Position the patient prone with the head turned to the right (Fig. 
46.1.5). 

8. Analgesia and conscious sedation facilitate the procedure (see Chap- 
ter 41). The author’s preference is for meperidine 25 to 50 mg IV 
with diazemuls 5 to 10 mg IV. 

9. Appropriate monitoring includes pulse oximetry, heart rate, and 
blood pressure (see Chapter 41). 

10. As soon as the endoscope is within the duodenum, give Buscopan 
(hyoscine butylbromide) 20 to 40 mg IV or glucagon HCl 1 mg IV to 
decrease duodenal peristalsis. 



D. Passing the ERCP Scope — Normal Anatomy 

1. Introduce the endoscope gently through the mouth guard into the 
mouth and oropharynx. This is essentially a blind procedure, which is 
greatly facilitated by having the patient swallow. 

2. Pass the endoscope gently down the esophagus into the stomach. 

3. Once in the stomach, advance the endoscope toward the pylorus (Fig. 
46.1.10). The side-viewing endoscope sometimes makes it difficult to 
traverse the stomach and identify the pylorus. Persistent maneuver- 
ing, combined with shortening of the endoscope by withdrawing to 
eliminate redundancy in the stomach, will ultimately prove success- 
ful. Frequently the presence of bile in the distal stomach will lead one 
to the pylorus, which is usually close by. 

4. Use gentle rotation and pressure to pass the endoscope through the 
pylorus into the proximal duodenum (Fig. 46.1.1 1). 

5. Turn the “up and down” and “right and left” dials both to their 
maximum clockwise extent and lock these controls. 
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Figure 46.1.10. View of pylorus. Bubbles indicating bile provide a clue to the 
location of the distal stomach when orientation of the side-viewing endoscope 
is difficult. 




Figure 46.1.1 1. View of the proximal duodenum. 



6. Shorten the endoscope by pulling back. The ampulla of Vater should 
then be centrally visualized (Fig. 46.1.12). Make small adjustments in 
the locked dials so that the ampulla of Vater is seen en face. 

7. Biopsy of the ampulla or selective cannulation of the pancreatic and 
common bile ducts may then be performed (Fig. 46.1.13). 
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Figure 46.1.12. Endoscopic visualization of the ampulla of Vater. A transverse 
fold of mucosa overlying the ampulla is frequently seen, as shown here. 




Figure 46,1.13. Cannulation of ampulla of Vater. 
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8. The orifice of the pancreatic duct is at the 1 o’clock position and the 
orifice of the common bile duct at the 1 1 o’clock position. Introduce 
the cannula into the orifice of the ampulla of Vater and gently inject 1 
to 2 ml of 50% Hypaque dye (or alternative contrast medium in pa- 
tients allergic to Hypaque) while monitoring passage of contrast un- 
der fluoroscopy to identify the ductal anatomy. Further technical de- 
tails of cannulation, cholangiography and pancreatography are given 
in Chapter 47. 
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46.2. Surgically Altered Anatomy and 
Special Considerations 
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A. Billroth II 

Successful passage of the endoscope with cannulation of the ampulla is 
only achieved in 50% to 85% of patients with Billroth II anastomoses (in con- 
trast to the 90% success rate that can be attained in patients with normal anat- 
omy). This is due to both the difficulty in maneuvering through a variably long 
or angled afferent limb and the unusual position of the papilla once it is 
reached. Some endoscopists prefer to use a pediatric colonoscope or gastro- 
scope, others prefer to use the duodenoscope. Specialized papillotomes are 
often required for therapeutic maneuvers. The indications for performing ERCP 
in patients with a Billroth II anastomosis are identical to those in patients with 
normal anatomy. 

1. The room setup, patient position, topical anesthesia, sedation, and 
monitoring are the same as that used for patients with normal anat- 
omy. 

2. It is often useful pass a gastroscope first to better familiarize oneself 
with the anatomy. 

3. Enter the stomach and identify the gastrojejunal anastomosis. 

4. Pass the scope into one of the orifices. 

5. It is often difficult to tell which is the afferent limb without fluoros- 
copy. Therefore, as the scope is passed, check the position with 
fluoroscopy. 

6. If the scope goes into the pelvis, it is in the efferent limb. Bring the 
scope back into the stomach and enter the second orifice. 

7. Once the afferent limb is entered, maneuver the scope in a fashion 
similar to that used to maneuver a colonoscope through a tortuous 
sigmoid colon. Advance the scope for a distance and then retract it in 
an attempt to shorten the loop of jejunum. Sharp angles may be diffi- 
cult to get around and the shortening maneuver often helps to de- 
crease an accentuated angle created by insufflating the bowel or ex- 
cessive stretching of the bowel limb with the endoscope. 

8. Check the trajectory of the scope with fluoroscopy to be certain 
that it is headed for the right upper quadrant (Fig. 46.2.1). An anteco- 
lic Billroth II may be more difficult to maneuver than a shorter retro- 
colic anastomosis. 
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Figure 46.2.1. X-ray showing a gastroscope in the afferent limb of a Billroth II. 
Insufflation of the duodenum shows a blind ending limb in the right upper 
quadrant. The ampulla (arrow) is seen in this air duodenogram. 



9. Once the proximal duodenum is entered, identify the blind proximal 
end and slowly pull the scope back until the papilla is identified. 

10. Many prefer using the side-viewing duodenoscope. Passage with ei- 
ther scope is the same but because of the difference in perspective, 
passage of the duodenoscope is slightly more difficult. 

a. Because the papilla is viewed from below, the orientation and 
perspective is different. 

b. Rather than a typical en face papilla with the common bile duct 
oriented at the 11 to 12 o’clock position, the papilla is seen in 
the right upper portion of the viewing area with the common bile 
duct orifice at the 6 o’clock position. (Fig. 46.2.2). 

11. If a gastroscope or pediatric colonoscope is used, the papilla is ori- 
ented in a more tangential position in the lower left of the screen. 
Cannulation of the common bile duct with a straight-viewing scope is 
often very straightforward as the scope is often oriented in line with 
the common bile duct. A standard diagnostic cannula is used. 
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Figure 46.2.2. View of the ampulla through a duodenoscope. Cannulation re- 
quires positioning the catheter at a 6 o’clock location. 



12. Cannulation with a duodenoscope can be more difficult due to the 
unusual orientation of the common bile duct orifice at 6 o’clock. (Fig. 
46.2.3). Because of the curve of the duodenoscope, the cannula tip 
has a tendency to curve toward a more 12 o’clock to 9 o’clock posi- 
tion. A wire through the tip of the cannula may provide a straighter 
trajectory to allow cannulation at the 6 o’clock postion. 

13. Technique of sphincterotomy: (See also Chapter 48) Once success- 
ful cannulation is performed and a need for sphincterotomy is estab- 
lished, the orientation of the duodenoscope and the papilla creates a 
challenge for the endoscopist. 

a. The advantage of the duodenoscope is the ability to maneuver 
the papillotome. 

b. Because of the orientation of the scope and the papilla com- 
pounded by the upward deflection of a standard papillotome, 
specialized sphincterotomes and techniques are often employed. 
For example, a Billroth II papillotome bows the wire outward, 
which allows orientation of the cutting wire toward the 6 o’clock 
position when using the duodenoscope. 

c. Alternatively, place a 7-French stent in the common bile duct 
and use a needle papillotome to cut the papilla over the stent. 
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Figure 46.2.3. Cannulation of the bile duct using a duodenoscope. Contrast 
injection reveals a common bile duct stone. 



B. Choledochoduodenostomy 

Sump syndrome (characterized by cholangitis, liver abscess, or recurrent 
pancreatitis) is the most common indication for evaluation of a choledochoduo- 
denostomy. Treatment consists of removal of debris and stones and possible 
sphincterotomy. 

1. Either a thin-caliber gastroscope or a side-viewing duodenoscope 

may be used. 

a. Advance the gastroscope into the second portion of the duode- 
num. If the anastomosis is not stenotic, the scope can be ad- 
vanced in directly. The technique is no different than standard 
gastroscopy. 

b. Pass the side-viewing duodenoscope as during standard ERCP. 

2. Debris can be retrieved through the choledochoduodenostomy or the 

ampulla 

a. If the choledochoduodenostomy is the route chosen, advance a 
gastroscope or small-caliber pediatric scope through the anasto- 
mosis. 

b. Pass wire baskets or balloon catheters through the channel of the 
scope to retrieve the stones or debris. 

c. If the anastomosis is stenosed, balloon dilation may be required 
prior to passage. No attempt should be made to use a sphinc- 
terotome to enlarge the anastomosis as bleeding or perforation 
could result. 
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d. Alternatively and preferably, the duodenoscope can be used to 
cannulate the common bile duct through the ampulla and 
sphincterotomy carried out using standard technique. Debris is 
removed with a balloon catheter or a wire basket. Performing a 
sphincterotomy may improve the dependent drainage and 
thereby reduce the chances for recurrence of the sump syn- 
drome. 



C. Choledochojejunostomy 

Endoscopy is performed to evaluate bleeding or obstruction at the site of 
the anastomosis. 

1. Use a colonoscope or enteroscope. Pass the scope in standard fash- 
ion through the pylorus and into the third portion of the duodenum. 
As in passage in a patient with a Billroth II anastomosis, the jejunum 
may be difficult to advance due to the length and sharp angles en- 
countered. Maneuver the scope in a to-and-fro manner to try to keep 
the length of the jejunum short. As in colonoscopy, pressure over the 
left upper quadrant or to the left of the umbilicus may prevent excess 
looping of the scope. 

2. Endoscopic treatment: If the anastomosis is widely patent, the 
scope can be passed into the biliary tree, which is usually dilated in 
this group of patients (Fig. 46.2.4). If the anastomosis is narrowed, 
balloon dilation may be required for entry into the bile ducts. 




Figure 46.2.4. Endoscopic view of a choledochojejunal anastomosis in a patient 
who had a gastrointestinal bleed. A laparoscopic side-to-side choledochojeju- 
nostomy was performed 2 months previously for an unresectable distal cholan- 
giocarcinoma causing obstructive jaundice. 
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A. Cannulation and Cholangiopancreatography 

1. After identifying the papilla, make certain that the patient is ade- 
quately sedated to minimize movement and the duodenum adequately 
paralyzed to stop peristalsis. 

2. Keep the tip of the scope deflected to the right — this will usually aid 
in holding ^e proper position in the duodenum. 

3. Observe the papilla for a few moments. Attempt to identify the ori- 
fice, and the likely orientation of the common bile duct and pancre- 
atic duct. Usually, there is one orifice for both the pancreatic and bile 
ducts, with the ducts sharing a common channel of varying length. 
Occasionally, there are two orifices, the more superior of which is the 
orifice of the bile duct. 

4. Advance the cannula toward the papilla with a combination of ad- 
vancement of the cannula with the right hand, change in angle of the 
catheter using the elevator, and change in the position of the scope 
using the deflection wheels or by torquing the instrument. It is gener- 
ally best to cannulate the duct of interest first. If this is the pancreatic 
duct, the cannula should approach the orifice of the papilla nearly at a 
right angle to the duodenal wall with the catheter approaching in a 
left-to-right orientation. For common bile duct cannulation, the can- 
nula should be oriented in a more cephalad direction and approached 
from a right-to-left position (Figs. 47.1 and 47.2). 

a. In most situations, the pancreatic duct is the easier of the two 
ducts to cannulate. Once the cannula is within the orifice, inject 
a small amount of dye under fluoroscopic control. In opacifying 
the pancreatic duct, it is crucial to avoid distention of the pan- 
creatic ductal system. Overinjection of the pancreatic duct (as 
evidenced by opacification of the secondary and tertiary 
branches of the duct) or repeated cannulations of the duct in- 
crease the risk of postprocedure pancreatitis. 
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Figure 47.1. The proper cannulation angle for the pancreatic duct is nearly at 
right angles to the duodenal wall, while bile cannulation requires a more 
cephalad orientation. 




Figure 47.2. The septum separating the orifices to the pancreatic and bile ducts 
can be oriented in any direction from horizontal to vertical. When the papilla is 
viewed en face, the course of the bile duct is usually toward the 10 o’clock 
position and the pancreatic duct toward the 2 o’clock position, although some 
variation exists. 
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b. Bile duct cannulation is usually facilitated by advancing the 
scope past the papilla and deflecting the tip upward. This 
“tucked under” position often aligns the cannula with the axis of 
the common bile duct (Fig. 47.3). Direct the cannula toward the 
10 to 12 o’clock position on the papilla. As the cannula enters 
the orifice of the papilla, lift the cannula with the elevator to ad- 
vance the catheter along the roof of the papilla. This increases 
the likelihood of elective cannulation of the common bile duct 
(Fig. 47.4). Manually curving the cannula in a more cephalad 
orientation prior to its insertion will also enhance common bile 
duct cannulation, whereas leaving the catheter straight usually 
facilitates pancreatic duct cannulation. 

c. If these maneuvers do not allow for selective cannulation of the 
appropriate duct, switching to a different type of cannula is 
sometimes helpful. A tapered tip cannula is often helpful when 
the orifice of the papilla is quite small. A sphincterotome can be 
used to obtain a greater cephalad orientation of the catheter for 
selective bile duct cannulation (Fig. 47.5). 

d. Although injection of dye under fluoroscopic control with the 
cannula impacted at the papilla will often opacify the desired 
duct, free cannulation of the pancreatic duct usually can be fa- 
cilitated by advancing the catheter toward the 2 o’clock direc- 
tion on the papilla. Withdrawing the scope slightly will also 
make the cannula approach a 90-degree angle with the duodenal 
wall, which will also improve the chances of free cannulation of 
the pancreatic duct. 

e. Free cannulation of the common bile duct is also often facili- 
tated by withdrawing the scope slightly after the common bile 
duct has been opacified with contrast. TTiis allows the catheter to 
change directions within the papilla, as the common bile duct 
often becomes more horizontal within the duodenal wall. If the 
sphincterotome is used for cannulation, this can also be accom- 
plished by lessening the tension on the cutting wire, which will 
straighten the tip of the sphincterotome within the papilla. As 
the scope is withdrawn, it is sometimes necessary to slightly 
withdraw the cannula back into the scope to prevent excessive 
pressure on the papilla. Free cannulation of either duct can also 
be facilitated by the passage of a floppy-tipped guide wire, al- 
though care must be taken to avoid the use of excessive force 
with guide wires as this can lead to false passages and perfora- 
tions. 

5. In opacifying the common bile duct, make the injection under fluoro- 
scopic control and obtain exposures throughout the injection to pro- 
vide both early filling and later phases. This facilitates detection of 
small stones and other more subtle abnormalities. 

6. In a patient with an obstructed system, it is often helpful to attempt to 
aspirate bile initially to try to relieve some of the pressure within the 
system before adding contrast. This is especially important in a pa- 
tient who may have cholangitis. 
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Figure 47.3. The “tucked under” position is usually obtained by advancing the 
endoscope slightly and deflecting the tip upward. 




Figure 47.4. Lifting the cannula to insert it along the “roof’ of the papilla in- 
creases the likelihood of entry into the bile duct. 
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Figure 47.5. Sometimes bile duct cannulation requires orientation of the can- 
nula in a cephalad direction. This can be accomplished by using a sphinc- 
terotome. Tightening the cutting wire bows the cannula upward and produces a 
more cephalad orientation for the tip of the cannula. 



B. Special Considerations and Situations 

1 . Duodenal diverticula often make it more difficult to locate the pa- 
pilla. The papilla is generally located along the inferior edge of the 
diverticulum, although it is occasionally located within the diver- 
ticulum itself. 

a. When two diverticula are present, the papilla is often located on 
the isthmus of tissue between the diverticula. Once again, time 
should be spent locating the papilla and observing it to identify 
the orifice. 

b. If the papilla cannot be identified, it is probably within the di- 
verticulum. It can sometimes be brought into view by suctioning 
some of the air out of the duodenum, using the cannula to probe 
the edge of the diverticulum, putting pressure on the right upper 
quadrant of the patient’s abdomen, or changing the patient’s po- 
sition. If the papilla is located within the diverticulum and can- 
not be easily approached with the cannula, it can sometimes be 
pulled outside the diverticulum with the cannula or with the use 
of a sphincterotome. Occasionally, if the diverticulum is large, 
the tip of the scope can be placed within the diverticulum to fa- 
cilitate cannulation. 

2. Periampullary tumors may distort the anatomy of the papilla. Pa- 
tience is required to search the area slowly to identify the papillary 
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orifice, which can be significantly elevated or depressed by the tu- 
mor. The tumor also can distort the normal path of the pancreatic and 
bile ducts within the papilla, making free cannulation more difficult. 
Gentle probing of the tumor with the cannula will often lead to can- 
nulation, but aggressive and forceful probing should be avoided as 
this will lead to bleeding and edema, which will further obscure the 
anatomy. 

3. An impacted stone within the papilla will often turn the orifice of 
the papilla in a caudad orientation. This will usually require the 
“tucked under” position for successful cannulation. 

4. Cannulation of the minor papilla may be indicated when the diag- 
nosis of pancreas divisum is suspected or when a tumor involving the 
head of the pancreas precludes opacification of the proximal pancre- 
atic duct. 

a. The minor papilla is usually located 1 to 3 cm proximal to the 
major papilla and slightly to the right. 

b. Approach the minor papilla at right angles to the duodenal wall 
using a tapered or ultra-tapered catheter. 

c. Once again, care should be taken to not overdistend the pancre- 
atic ductal system. 

5. Precut papillotomy: If selective cannulation of the common bile 
duct is not possible with all of the previously mentioned maneuvers, 
consideration should be given to performing a precut papillotomy. 
This is a blind maneuver in which the sphincter is cut prior to radio- 
graphic visualization. This procedure is associated with an increased 
risk of bleeding and pancreatitis. It should only be used in cases 
where access to the common bile duct is considered mandatory, such 
as in patients with Jaundice or cholangitis. 

a. Insert a precut papillotome or a needle-knife papillotome into 
the papillary orifice and make small, 1- to 2-mm cuts in the di- 
rection of the 10 to 12 o’clock position. 

b. In general, the precut sphincterotomy should not extend more 
than 5 mm and then repeated attempts should be made at ob- 
taining a selective cannulation of the common bile duct. 

c. Avoid injection of dye in the impacted position after precut 
sphincterotomy, as this increases the risk of developing an in- 
tramural injection. 

d. Precut sphincterotomies should only be performed by endo- 
scopists with significant experience in standard sphincterotomy. 

6. Multiple attempts at cannulation often result in enough papillary 
trauma to induce edema and occasionally bleeding. This further de- 
creases the likelihood of successful cannulation. If this has occurred 
or if there has been an intramural injection of contrast, it is best to 
terminate the procedure with plans to repeat it 2 to 3 days later. One 
can expect an approximate 50% success rate with this second proce- 
dure. If unsuccessful, referral of the patient to a more experienced 
endoscopist or the use of other modalities for evaluating the pancre- 
aticobiliary system should be considered. 
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A. Biliary Sphincterotomy 

1. Selective cannulation of bile duct: Before endoscopic sphincterot- 
omy, the common bile duct must be selectively cannulated with pas- 
sage of the opacifying cannula or a guide wire up into the duct (deep 
cannulation). A wire-guided sphincterotomy is performed with the 
sphincterotome over a guide wire. This helps keep the sphinc- 
terotome from twisting and also allows the operator to advance the 
instrument in and out of the papilla during the course of the sphinc- 
terotomy. 

2. Positioning the sphincterotome: Place the sphincterotome in the 
orifice of the papilla with the wire coming in contact with the papilla 
at the 11 o’clock to 12 o’clock position. Cutting in this position re- 
duces pancreatitis and bleeding (Fig. 48.1). 

3. Cutting the papilla: Bow the sphincterotome by tightening the wire. 
Using a blended current, with more cutting current than coagulation, 
apply short bursts of current, allowing the sphincterotome wire to cut 
slowly through the ampullary sphincter. 

a. The complete sphincterotomy should extend just to the inferior 
margin of the suprapapillary duodenal fold. 

b. To avoid the “zipper effect” in which the sphincter is cut too 
fast risking bleeding and perforation, the sphincterotome should 
not be bowed too tightly by the nurse during the sphincterot- 
omy. It should be bowed just enough to press lightly into the 
tissue, letting the current do the cutting. 

4. Transhepatic-guided sphincterotomy: In cases in which the 
sphincterotome or the guide wire cannot be advanced into the bile 
duct, a transhepatic wire can be placed percutaneously into the duo- 
denum. This wire can then be grasped endoscopically and brought 
out through the operating channel of the scope. A sphincterotome 
can then be passed over the guide wire and positioned for a standard 
sphincterotomy. 
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Figure 48.1. Positioning the sphincterotome. 



5. Precut sphincterotomy: In selected cases, a precut sphincterotomy 
may be performed. The precut knife is used to directly cut the papilla 
to gain access to the biliary tree. There are two techniques used. In 
the first, the cut is made beginning at the orifice of the ampulla and is 
extended superiorly along the apex of the ampulla. In the second, the 
cut is begun on the superior aspect of the infundibulum (bulge) of the 
papilla and extended inferiorly with short, deepening cuts into the 
papilla. The principal risk in either of these techniques is perforation, 
and thus it should be performed by experienced endoscopists and 
even then only sparingly, in cases with definite therapeutic indica- 
tions. 



B. Pancreatic Sphincterotomy 

1. Perform a biliary sphincterotomy before pancreatic sphincterotomy 
to facilitate access to the pancreatic duct. 
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2. Selective cannulation of the pancreatic duct: Insert a guide wire 
into the pancreatic duct and confirm position under fluoroscopy. Pass 
the sphincterotome over the wire into the orifice of the pancreatic 
duct. 

3. Cutting the pancreatic ductal septum and sphincter: Depending 
on the variable anatomy, there may be a short or long septum be- 
tween the pancreatic duct and the bile duct within the ampulla. There 
is an additional muscular sphincter specifically encircling the orifice 
of the pancreatic duct. In some cases, pancreatic septoplasty may be 
sufficient to allow free flow of pancreatic juice. In other cases, the 
cut must be extended further into the pancreatic ductal orifice to ab- 
late the muscular sphincter. This is particularly true when the indica- 
tion for pancreatic ductal sphincterotomy is papillary hypertension 
with recurrent pancreatitis as its clinical manifestation. Direct the 
sphincterotome in an orientation toward the 1 o'clock position. Cut- 
ting proceeds as described above (section A). 



C. Biliary Tract Stone Removal 

1 . Basket stone removal: Stones may be removed from the bile ducts 

and intrahepatic biliary radicals using a standard stone basket. 

a. Insert the basket into the bile duct, open it, and engage the 
stone. The assistant can open and partially close the basket, 
while the operator jiggles the catheter in order to trap stones. 
The catheter can be withdrawn in the open position, and stones 
often will pop out. 

b. Larger stones can be individually engaged and removed after 
securing the basket around them. 

c. Apply traction in the axial direction of the bile duct in removing 
a stone so as not to further cut the apex of the sphincterotomy 
with the wire of the stone basket during stone extraction. Perfo- 
ration may result if the wire of the stone basket cuts the apex of 
the sphincterotomy. 

2. Balloon stone extraction: For smaller stones, a balloon stone ex- 
tractor can be used to pull stones through the sphincterotomy. 

a. Insert the balloon catheter through the sphincterotomy and in- 
flate the balloon above the stone. 

b. As the catheter is retrieved, the stone is pulled into the duode- 
num. 
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3. As an alternative to sphincterotomy, the sphincter can be dilated 
first using a longitudinal hydrostatic dilating balloon, with balloon 
stone extraction of small stones following. While this method avoids 
sphincterotomy, it may be associated with a higher incidence of pan- 
creatitis and cannot be unequivocally recommended at this time. 

4. Mechanical lithotripsy: For larger stones, lithotripsy is often neces- 
sary to fracture the stone before extracting it. Extracting a very large 
stone through the sphincterotomy risks either perforation or stone 
entrapment. If the stone becomes entrapped in the distal bile duct 
with the basket still around it, a surgical procedure may be necessary 
to disengage it. The mechanical lithotripter functions by tightening 
the wire basket around the stone against a metal sheath using a hand 
crank. 

5. Electrohydraulic and candela laser lithotripsy: When mechanical 
fracture of the stones is not successful, one may employ electrohy- 
draulic or pulsed-dye laser techniques. In each of these approaches, a 
catheter is passed under direct vision into the bile duct and placed in 
direct contact or close proximity to the stone before applying the en- 
ergy. The mother-daughter scope is often used for this, as it allows 
for direct vision of intrabiliary stones. Direct visualization with a 
daughter scope is necessary to reduce the risk of common bile duct 
injury from poor positioning of the catheter, particularly if the elec- 
trohydraulic lithotriptor is used. After the stone is fractured, the 
pieces can be extracted using conventional techniques. 

6. Extracorporeal lithotripsy has also been used for fracture of large 
common bile duct stones with some success. This is most often nec- 
essary for occlusive stones that do not allow passage of a basket or 
balloon. In these cases, if a guide wire can be passed above the stone, 
a stent may be placed to relieve obstruction. Treatment can then be 
performed with extracorporeal lithotripsy or gallstone dissolving 
agents prior to another ERCP attempt at stone extraction. 

7. Intrahepatic stones: Intrahepatic stones may be extracted using 
stone basket or balloon stone extraction methods described above in 
many cases. When the stones are larger, a mother-daughter scope can 
be used with intrahepatic lithotripsy. For multiple, large intrahepatic 
stones, it is often better to use a percutaneous transhepatic approach. 
With this method, a percutaneous transhepatic tract is developed and 
dilated to the diameter of a choledochoscope with a working channel. 
Percutaneous choledochoscopy is then performed with fracture and 
extraction of intrahepatic stones. Electrohydraulic or candela laser 
lithotripsy is often necessary as an adjunct procedure for successful 
stone clearance in these cases. 
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D. Pancreatic Duct Stone Removal 

Stones in the pancreatic duct should be removed when possible. In some 
cases, stones are a result rather than a cause of the disease process and remov- 
ing them may not always improve a patient’s course of recurring pancreatitis. 
There are good data, however, that complete stone clearance improves patient 
outcome with regard to chronic pain. 

1. Stones may be removed with a combination of stone basket and bal- 
loon. The stone basket is often necessary to fracture the stones, 
which are frequently soft, and the balloon can clear the fragments. 

2. Some stones are embedded in the wall of the duct or are located at 
junctions or angulated curves in the duct, which makes them inacces- 
sible to the basket or balloon. 

3. Large stones often will obstruct the duct making extraction impossi- 
ble. In these cases, a guide wire should be passed above the stone and 
a 5-French (Fr) stent passed if at all possible. Extracorporeal litho- 
tripsy can then be performed to fracture the stone followed by endo- 
scopic stone fragment extraction. 



E. Biliary Stenting 

1. Stent selection; Polyethylene stents are available in 7-Fr, 10-Fr and 

1 1 .5-Fr diameter. 

a. For short-term stenting of 30 days or less or in cases of difficult 
access in which changing to a larger diameter working channel 
scope could compromise access, the 7-Fr-stent is appropriate. 

b. For longer term stenting, indications such as cancer, the 10 Fr or 
11.5 Fr is a better choice. These larger stents remain open sig- 
nificantly longer than the 7-Fr stents in randomized trials. There 
is no significant difference between the longevity of the 10-Fr 
and the 1 1 .5 Fr stents. 

c. Metallic self-expanding stents are indicated for longer term can- 
cer stenting indications and last for a mean of approximately 1 
year. These stents are nonremovable and may limit some treat- 
ment options later in the course of disease, and thus should be 
used selectively. 

d. Nasobiliary stents can be used for temporary stenting situations 
when repeat opacification of the biliary tract is desirable. 
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2. Stent insertion: For the 10-Fr and 1 1.5-Fr stents, a wire-guided stent 
introducer is passed above the level of the stenosis over which the 
stent is pushed into position. The 7-Fr stents are placed directly over 
the guide wires and pushed into place. Metallic stents are initially 7- 
Fr prior to deployment and are positioned over a guide wire across 
the stenosis. They are released by retracting a plastic sleeve, which 
holds the stent in its stretched, compressed configuration. Upon re- 
lease, the stent shortens and assumes its full diameter of 8 to 10 mm. 
Nasobiliary stents are introduced over a guide wire into the biliary 
tree above the level of obstruction and then are brought out through 
the nasopharynx. 

3. Stent change: Polyethylene stents can be changed electively every 3 
to 4 months, or one can wait until serum bilirubin and liver enzyme 
levels indicate impending obstruction prior to changing the stent. 
Stent exchange is usually a simple process, except in cases of long or 
very high level strictures. In those cases, it is wise to pass a guide 
wire through the stent prior to removing it through the scope using a 
special stent retriever designed for this purpose. Polyethylene stents 
can be exchanged repeatedly over time allowing the biliary system to 
remain patent indefinitely. Metallic stents when obstructed cannot be 
replaced, but a second plastic or metallic stent can be passed through 
the center of the original stent restoring biliary patency. Newer stent 
designs incorporating a Silastic sleeve over the mesh may reduce tu- 
mor and granulation tissue ingrowth, thus, improving patency and 
facilitating recannulation. 



F. Pancreatic Duct Stenting 

1 . Stent options: Smaller stents of 5 Fr or 7 Fr are used in the pancre- 
atic ducts. These stents have multiple side holes and phlanges and are 
more specifically designed to facilitate pancreatic duct drainage. 
Metallic stents have been used for benign pancreatic strictures, but 
their use in that clinical setting remains experimental. 

2. Stent insertion: Stent insertion is accomplished over a guide wire 
that has been placed in the pancreatic duct. Balloon dilatation of 
strictures prior to stent placement may be necessary to allow stent 
placement. Stents are left in place for shorter intervals than in the 
biliary system. As noted above, simultaneous clearance of pancreatic 
duct stones improves long-term results. 
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G. Endoscopic Drainage of Pancreatic Pseudocysts 

1. Pseudocyst identification: Location of the pseudocyst adjacent to 
the gastric or duodenal wall by computed tomography (CT) is essen- 
tial. During endoscopy, indentation by the cyst of the gastric or duo- 
denal wall confirms location. Endoscopic ultrasound can be used to 
further identify the pseudocyst from the endoscopic view. Wall 
thickness is determined from the scan and should be less than 1 cm to 
consider endoscopic drainage. Patients with associated masses in the 
pancreas or with pancreatitis of unclear etiology may have tumors 
such as pancreatic cancer with associated pancreatitis and pseudo- 
cyst, serous cystadenoma or lymphoma. Adequate biopsy or a direct 
operative approach is mandatory in these patients. 

2. Technique of endoscopic pseudocyst drainage: 

a. At the apex of the bulge of the cyst into the gastric or duodenal 
lumen, a small area of mucosa is coagulated with the precut 
knife. 

b. In the center of this area, a direct puncture of the cyst is made 
using cutting or blended current. 

c. A guide wire is passed into the cyst, and an opacifying cannula 
is passed over the guide wire and contrast injected to confirm 
cyst size and position compared to the CT scan. 

d. A biopsy of the pseudocyst wall is taken at some point in the 
process of draining the cyst. A sphincterotome is then passed 
into the cyst, and the opening enlarged. Care is taken to use a 
combination of cutting and cautery to avoid bleeding at the site 
of the cyst-enterostomy. 

e. A polyethylene stent is placed into the cyst in selected cases. If 
the pseudocyst is in communication with the pancreatic duct, or 
if the duct is obstructed, a stent should be placed to allow longer 
term drainage. Also, if the cyst wall is thick or if a small open- 
ing has been made due to risk of bleeding, a stent should be 
placed to ensure that the cyst-enterostomy remains open until 
the cyst resolves. The stent should remain in place until the cyst 
has resolved by CT and there is demonstration of a patent pan- 
creatic duct. The stent may be left indefinitely if there is ob- 
struction of the mid-portion of the pancreatic duct with the tail 
of the pancreas draining into the stomach or duodenum via the 
stent. In younger, healthy patients operative intervention should 
be considered in cases of complete duct occlusion and recur- 
rent/persistent cyst or pancreatitis following stent removal. 
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A. Pancreatitis 

1. Cause and prevention: Pancreatitis is the most common complica- 
tion following ERCP. While hyperamylasemia may be seen in up to 
60% of patients after ERCP, clinical pancreatitis occurs in approxi- 
mately 5%. The incidence is the same for both diagnostic and thera- 
peutic procedures. The severity of post-ERCP pancreatitis in the 
majority of cases is mild to moderate and self-limited. Unfortunately, 
however, fatal necrotizing post-ERCP pancreatitis is reported. Post- 
ERCP pancreatitis is more common in younger patients and has its 
highest incidence in patients having ERCP for suspected sphincter of 
Oddi dysfunction (19%). 

a. The exact mechanism that initiates post-ERCP pancreatitis is 
still unproven, but it is believed by most to be mechanical in 
nature caused by an increase in pancreatic intraductal pressure 
with release of pancreatic enzyme from acini into the pancreatic 
parenchyma. This increased intraductal pressure may result from 
the following: 

i. Difficulty with cannulation leading to overmanipulation of 
the papilla of Vater causing trauma and spasm of the 
sphincter of Oddi. 

ii. Repeated injection into the pancreatic ductal system in an 
attempt to access the bile duct. 

iii. Overzealous injection of contrast media into the pancreatic 
ductal system resulting in a complete outline of the pan- 
creas on x-ray known as acinarization. 

iv. Injury to the papilla of Vater from the electrocautery used 
during endoscopic sphincterotomy (ES). 

V. Placement of large endobiliary stents without an ES caus- 
ing obstruction of the pancreatic duct orifice. 

b. Prevention: Intuitively, better technique during cannulation and 
ES should lower the incidence of post-ERCP pancreatitis; how- 
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ever, this has been difficult to study and document. Neverthe- 
less, the following technical considerations may be helpful in 

the prevention of post-ERCP pancreatitis: 

i. Selective cannulation to avoid injection into the pancreatic 
ductal system if a pancreatogram is not required. 

ii. Use only a few milliliters of contrast to fill the main pan- 
creatic ducts of Wirsung and Santorini. 

iii. A 50-cc syringe to inject contrast media delivers less hy- 
drostatic pressure than a syringe of lesser volume and thus 
may avoid inadvertent overfilling of the pancreatic ductal 
system. 

iv. If the initial cannulation of the bile duct has been difficult 
and therapeutics are required, then maintain access with the 
use of a guide wire. 

V. During ES use more cutting than coagulation current to de- 
crease the amount of edema and tissue injury. 

vi. Early precut sphincterotomy using a needle knife sphinc- 
terotome on difficult bile duct cannulations, but this is 
controversial and requires particular endoscopic skill. 

vii. There have been many attempts at pharmacologic preven- 
tion of post-ERCP pancreatitis using atropine, glucagon, 
calcitonin, steroids, and somatostatin; all of which have 
shown limited efficacy in experimental and clinical trials. 
Recently, however, Gabexate, a protease inhibitor, has 
been shown to decrease the severity of post-ERCP pan- 
creatitis if given intravenously for 30 to 90 minutes prior to 
the procedure and continued for 12 hours thereafter. Addi- 
tional clinical trials are needed to further document its effi- 
cacy prior to general use. 

2. Treatment: Most cases of post-ERCP pancreatitis are mild to mod- 
erate in severity and will resolve with modest treatment. Restriction 
of oral intake and intravenous fluids until the symptoms abate and 
the serum amylase and lipase normalize is usually all that is required. 
In a minority of patients the pancreatitis may be more severe with the 
establishment of several Ranson’s criteria and phlegmon develop- 
ment on imaging studies. Oral intake should be restricted in these 
patients, parenteral nutrition instituted, and serial sonograms ob- 
tained to assess the degree of pancreatic inflammation. Pseudocyst 
may develop in the acute phase and take several weeks to resolve. 
Avoid the temptation of starting oral intake prematurely, leading to 
an exacerbation. Sonographic evidence of resolution of the phlegmon 
or pseudocyst should be established prior to oral intake. Large pseu- 
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docysts that persist with therapy longer than 6 to 8 weeks will require 
internal drainage. This can be accomplished surgically via cystogas- 
trostomy or cystojejunostomy. Persistent symptomatic cysts in the 
tail of the pancreas can be treated with resection. Some pseudocysts 
can be drained internally via an endoscopic approach (see Chapter 
50). Endoscopic ultrasound may help to determine the feasibility of 
endoscopic drainage. Percutaneous drainage should be avoided be- 
cause of the high incidence of prolonged catheter drainage. 

Death from post-ERCP pancreatitis is fortunately a rare occurrence. 
These patient develop necrotic pancreatitis frequently with infection. 
Dynamic CT scanning will demonstrate a large amount of devitalized 
pancreas. The patients appear severely toxic and frequently have 
positive blood cultures. Exploration with pancreatic debridement and 
necrosectomy will be required as a lifesaving measure. These patients 
often require repeated debridement as the inflammatory process pro- 
gresses. 



B. Cholangitis 

1. Cause and prevention: The overall incidence of cholangitis fol- 
lowing ERCP is low (0.1%). Cholangitis following ERCP in patients 
with nonobstructed biliary systems is exceedingly rare and therefore 
antibiotic prophylaxis is not indicated in these patients. When chol- 
angitis does occur following ERCP it almost always occurs in jaun- 
diced patients with obstructed biliary systems. Patients at particular 
risk for cholangitis are those patients undergoing stenting for malig- 
nant biliary strictures, patients having combined percutaneous endo- 
scopic procedures and in patients who have had failed biliary drain- 
age. Antibiotic prophylaxis has been shown to lower the incidence of 
cholangitis in these patients following ERCP. Piperacillin, which is 
secreted in the bile, has been particularly effective. 

Cholangitis following ERCP can be completely prevented by timely 
relief of the biliary obstruction. This can be accomplished using 
ERCP therapeutics or surgical intervention. If surgical intervention is 
chosen, prior coordination between the endoscopist and surgeon is 
important to effect a timely relief of the biliary obstruction. 

2. Treatment: Once cholangitis is established, immediate drainage is 
indicated. At this point the patient must be considered to have an 
undrained abscess and therefore every hour counts. If the patient is 
allowed to progress to septic shock, then a high mortality will result. 
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C. Hemorrhage 

1. Cause and prevention: Clinically significant bleeding following 
endoscopic sphincterotomy (ES) is reported to occur in 2% of cases. 
Minor bleeding (oozing) is not uncommon and will stop spontane- 
ously provided that the patient has normal coagulation parameters. In 
patients with obstructive jaundice it is important that the prothrombin 
time (PT) be checked prior to ES since these patients will frequently 
have elevation secondary to impaired vitamin K absorption. If ES 
can be delayed for a few days, the PT can be easily corrected with 
vitamin K given subcutaneously. If ES must be done urgently, fresh 
frozen plasma must be given until the PT is corrected. Patients that 
are taking antiplatelet medication (e.g., aspirin, persantine) should 
have them discontinued 7 to 10 days prior to ES. If ES cannot be 
delayed, a bleeding time should be done and if abnormal corrected 
with platelet transfusion. 

While it is again difficult to document what role technique has in 
preventing clinically significant bleeding following ES, it has been 
reported that endoscopists who perform ES more frequently have a 
lower rate of complications. The following technical considerations 
may be helpful: 

a. ES should be made as close to the 12 o’clock position as possi- 
ble to avoid duodenal vasculature. 

b. A blended cutting current should be used that has some cautery 
effect. 

c. ES should be made slowly in sequential steps instead of one un- 
controlled cut. 

d. Tailor the size of the ES to the need; e.g., only a small ES is 
needed to extract small stones or insert large endobiliary stents. 

e. Do not forcefully extract large stones; use a mechanical litho- 
triptor. 

2. Treatment: As mentioned earlier, minor oozing after ES is not un- 
common and will usually stop spontaneously with observation. Pul- 
satile (arterial) bleeding after ES is of more concern. If the bleeding 
is not so brisk as to impair endoscopic visualization, it may also stop 
spontaneously or can be treated by injection of the bleeding point 
with epinephrine solution. A few milliliters of 1:10,000 epinephrine 
solution delivered using a variceal injection device may be helpful. 
Brisk arterial bleeding that obscures endoscopic visualization must 
be treated more aggressively. The patient should be admitted to the 
ICU for close monitoring. A baseline Hgb/Hct and type and cross- 
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match should be obtained. Two large-bore IV catheters should be 
placed for infusion of crystalloid and blood products. An arterial line 
and Foley catheter should be inserted. If there is evidence of brisk 
active bleeding manifested by tachycardia, hematemesis, hematoche- 
zia, and a falling Hgb/Hct, intervention is required. If an experienced 
interventional radiologist is available, celiac arteriography with se- 
lective embolization of the bleeding branch of gastroduodenal artery 
may avoid operative intervention. However, if embolization fails or 
is unavailable and the bleeding continues, operative intervention 
must be undertaken prior to the onset of hypovolemic shock. The pa- 
tient should be explored through a midline incision and the duode- 
num fully kocherized. A duodenotomy in the second portion of the 
duodenum will allow access to the papilla of Vater. The bleeding can 
be controlled with a suture ligature, being careful not to stenose the 
sphincterotomy. If the patient is stable, possibly then attention can be 
turned to surgical correction of the problem for which the ES was 
being done. Otherwise, a T-tube should be placed, the duodenotomy 
closed in two layers, and a drain placed. 



D. Perforation 

1 . Cause and prevention: Perforation following ES is uncommon and 
occurs in approximately 0.3% of cases. The patient frequently will 
complain of abdominal and back pain. There may be associated fever 
and leukocytosis. The perforation is usually retroperitoneal and 
hence abdominal x-rays will demonstrate retroperitoneal air. Intra- 
peritoneal (free air) is unusual and perforation in another area of the 
GI tract should be entertained. The mistaken diagnosis of pancreatitis 
is sometimes made, leading to delay in recognition and management. 
The following technical considerations may help to avoid this com- 
plication: 

a. Use sphincterotomes with short cutting wire lengths (20-25 
mm). 

b. Do not extend the ES beyond the transverse duodenal fold that 
lies proximal to the papilla of Vater. 

c. As mentioned earlier tailor the length of ES to the need. 

2. Treatment: If recognized early, perforations as a result of ES can be 
managed conservatively with good success. A nasogastric tube 
should be inserted and broad-spectrum antibiotics with adequate 
gram-negative coverage administered. The patient should be fol- 
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lowed closely and improvement should be expected in 12 to 24 
hours. If the patient's condition fails to improve with signs of ongo- 
ing sepsis, operative intervention should be undertaken. The patient 
should be explored through a midline incision and the duodenum 
fully kocherized, revealing the site of the perforation posteriorly. De- 
pending on the degree of inflammation and induration of the tissues, 
either primary closure or an omental patch should be done. Depend- 
ing on the adequacy of the repair, a pyloric exclusion procedure 
should be considered. This can be accomplished by performing a 
gastrotomy, closing the pylorus with absorbable suture, gastrojeju- 
nostomy, and T-tube drainage. A drain should be placed and consid- 
eration should be given to placement of a gastrostomy and feeding 
jejunostomy. 



E. Rare Complications 

There are rare complications of ERCP that can occur. Some of which are 
unique to ERCP and others which can occur with any upper GI endoscopic 
procedure. They are listed here so that one may have a general knowledge of 
them. 

1 . Esophageal perforations 

2. Mallory-Weiss tears 

3. Hepatic and splenic hematomas 

4. Bile duct perforations by guide wires 

5. Stone extraction basket entrapment 

6. Stent loss within the bile duct 
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A. Intraoperative 

1. Indications: Intraoperative choledochoscopy is performed at the 
time of laparoscopic or open cholecystectomy with common duct ex- 
ploration, or when common duct exploration is performed as an iso- 
lated procedure. The major indications are listed in Table 50.1. 

2. Preparation, equipment, and room setup (laparoscopic): 

a. When choledochoscopy is performed during laparoscopic bili- 
ary surgery, the standard laparoscopic cholecystectomy room 
setup, patient position, and trocar sites are used. Place an addi- 
tional 5-mm trocar in the mid-right subcostal abdominal wall 
and use this for access into the common bile duct (CBD). A 
sixth 5-mm trocar is frequently inserted in the upper midline 
between the umbilical and subxiphoid ports in order to perform 
CBD exploration (CBDE) and choledochoscopy using a two- 
handed surgical technique. 

b. The surgeon stands at the patient’s left side and the video 
monitors are placed over the right and left shoulders as in lapa- 
roscopic cholecystectomy. 



Table 50. 1 . Indications for intraoperative choledochoscopy 



Indication 


Purpose 


• Filling defect(s) on op- 
erative cholangiogram 


• Visualize and remove 
stone(s) 


• Bile duct stricture on 
operative or preopera- 
tive cholangiogram 


• Visualize and obtain 
biopsy/brush cytology 


• Polypoid filling defect 
on cholangiogram 


• Visualize and obtain 
biopsy/brush cytology 


• Evaluate common duct 
after mechanical re- 
moval of CBD stones 


• Assure completion of 
stone removal 
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c. A second camera is attached to the choledochoscope and using a 
video mixer, the monitor displays a simultaneous split image 
from the laparoscope and the choledochoscope. 

d. Passing the scope (laparoscopic) 

a. Transcystic: When the operative cholangiogram (performed 
through the cystic duct) indicates that choledochoscopy is re- 
quired, first advance a 0.035" guide wire through the cholangio- 
catheter into the cystic duct, common bile duct, and into the 
duodenum. 

i. Remove the cholangiocatheter and advance a 5-mm trocar 
with a plastic seal (instead of a valve) over the guide wire 
into the right subcostal area. 

ii. Pass rigid or balloon dilators over the wire to dilate the 
cystic duct to 5 mm. Sometimes the valves of Heister pre- 
vent advancement of the wire or dilator into the bile duct. 
In this case, it may be necessary to make another 2-mm 
opening in the cystic duct 7 to 10 mm from its entry into 
the bile duct. However, in most cases, if the cystic duct can 
be dilated to 5 mm, passage of the choledochoscope easily 
occurs. The smaller flexible choledochoscope with an out- 
side diameter of 3 mm and a 1.2-mm accessory channel is 
preferred for the transcystic approach. 

iii. Backload the 0.035" guide wire through the accessory 
channel of the choledochoscope where a special dual valve 
is used on the exit port, thus allowing a pressurized saline 
solution to be infused through the choledochoscope chan- 
nel to maximize bile duct visualization. At the same time, 
instruments can be advanced through the accessory channel 
for biopsy, stone removal, lithotripsy, and cytology. 

b. Alternative technique via choledochotomy: Another alterna- 
tive is to open the CBD longitudinally for 5 mm at its midpor- 
tion, thus eliminating the resistance from the valves of Heister. 
Direct access to the common bile duct is performed when CBD 
stones are greater than 5 mm in diameter, when visualization of 
the upper bile ducts is necessary, and when the choledochoscope 
cannot be advanced through the cystic duct. The length of the 
choledochotomy should be no longer than the diameter of the 
choledochoscope or the largest stone because significant leakage 
of the pressurized saline solution in the common bile duct can 
occur, thus decreasing visualization. 

i. Place a 5-0 prolene stay suture on each side of the choledo- 
chotomy and use these to keep the incision open. 
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ii. Pass a rubber tip grasper through the upper midline trocar 
and use this for manipulation of the endoscope into the bile 
duct. This type of grasper minimizes injury to the outer 
sheath of the choledochoscope. 

iii. Complete the common duct exploration as previously de- 
scribed (Chapter 14.2). 

e. Passing the scope (open): Perform a Kocher maneuver to allow 
the distal bile duct to be straightened. Insert the choledocho- 
scope into the choledochotomy. Cross the stay sutures over the 
choledochoscope to allow the bile duct to distend with saline. 
Pass the scope proximal and distal under visual control. Gener- 
ally the scope must be removed and reinserted to reverse the di- 
rection from proximal to distal or vice versa. 

f. Technical points for performing choledochoscopy by either 
route: The bile duct must be continuously flushed with saline 
during choledochoscopy. Saline provides distention and is the 
viewing medium. It also serves to flush away blood or debris. 

a. Keep the lumen of the bile duct in the center of the field. If the 
picture becomes red, the scope may be impacted against the bile 
duct wall. Pull the scope back 1 to 2 cm and deflect the tip until 
the lumen is in the center of the screen. 

b. In the transcystic technique, visualization of the distal bile duct 
can be readily performed but proximal duct visualization is only 
successful in 10 to 20% of the cases because of the angulation 
of entry of the cystic duct into the CBD. If proximal bile duct 
visualization is crucial, a choledochotomy should be performed. 



B. Postoperative Choledochoscopy 

Postoperative choledochoscopy is most commonly performed when re- 
tained common duct stones are seen on a postoperative cholangiogram. Possi- 
ble routes of access to the common duct include percutaneous (through the T- 
tube tract), peroral (mother-daughter scope technique during ERCP), and 
transhepatic. Each will be described briefly here. Fluoroscopy is needed for all 
three methods. 

1 . Percutaneous via T-tube tract 

a. Insertion of the choledochoscope into the CBD can be per- 
formed percutaneously when the T-tube tract has matured for 5 
to 6 weeks. 

b. Position the patient supine. 
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c. The surgeon stands on the patient’s right side, with the video 
monitor directly opposite. 

d. Prep and drape the right upper quadrant of the abdomen around 
the T-tube exit site in the standard manner. Intravenous sedation 
is given. 

e. Pass two 0.035" guidewires through the T-tube into the CBD 
and then into the duodenum under fluoroscopic guidance. One 
wire is the guiding wire and the second wire is a safety wire that 
can maintain access to the duct should the first wire become 
dislodged. 

f. Remove the T-tube over the wires. Using one of the wires as a 
guide, insert a 5 mm dilating balloon and expand it to dilate the 
tract. 

g. After complete tract dilation, backload one 0.035" guide wire 
through the accessory channel of the choledochoscope and ad- 
vance the endoscope into the CBD. 

h. Proximal CBD visualization can be accomplished by with- 
drawing the 0.035" wire and deflecting the endoscope tip to- 
ward the bifurcation of the common hepatic duct. Since the en- 
doscope tip deflection ranges from 90° to 120°, visualization of 
the upper bile ducts can be accomplished. 

i. When choledochoscopy has been completed and the endoscope 
removed, reinsert a 12- to 14-French T-tube or straight catheter 
into the CBD over the wire and remove both wires. 

2. Peroral cholangioscopy 

a. This technique is performed using a therapeutic duodenoscope 
and a small “baby” scope inserted through the accessory channel 
of the duodenoscope using a fluoroscopic guide wire. There are 
two therapeutic duodenoscopes that can be used for this tech- 
nique. The largest one has an outside diameter of 15 mm and an 
accessory channel of 5.5 mm, which allows the passage through 
its accessory channel of a 5-mm cholangioscope with an acces- 
sory channel in the “baby” scope of 2.2 mm. A smaller thera- 
peutic duodenoscope has an outside diameter of 1 1 .5 mm and an 
accessory channel of 4.2 mm and allows the passage of a 3-mm 
cholangioscope with a 1.2-mm accessory channel. The diagnos- 
tic and therapeutic accessories for the smallest cholangioscope 
are limited to a cytology brush, a four-wire helical basket, and 
an electrohydraulic lithotripsy (EHL) fiber. 

b. The patient is sedated and the duodenoscope passed as de- 
scribed in Chapter 48 (ERCP). 
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c. The endoscope and fluoroscopic monitors are placed opposite 
the surgeon on the patient’s left side in the prone position. 

d. Visualize the papilla and position it so that the longitudinal axis 
is in the center of the video monitor. 

e. Insert a tapered papillotome through the duodenoscope channel 
into the papillary orifice at the 1 1 o’clock to 12 o’clock position 
in order to visualize the CBD. (If the papillotome is advanced 
into the papilla at the 3 o’clock position, the pancreatic duct will 
be injected.) 

f. Perform a 7- to 10-mm papillotomy at the 11 o’clock to 1 
o’clock position of the papilla, being careful not to cut through 
the transverse duodenal fold (which may produce perforation of 
the duodenum). 

g. After this is done, advance a 0.035" guide wire through the 
papillotome high into the biliary radicals. Withdraw the papil- 
lotome from the duodenoscope, leaving the wire in place. 

h. Backload the guide wire through the 3-mm cholangioscope and 
advance the daughter scope through the duodenoscope acces- 
sory channel. This part of the procedure requires an assistant to 
hold the duodenoscope in position and the surgeon advances the 
daughter endoscope over the wire. Take care not to cause sharp 
angulation of the daughter scope at the duodenoscope accessory 
port, which can cause breakage of the fiberoptic bundles. Addi- 
tionally, the duodenoscope should lie in the shortest route to the 
papilla so as to more easily advance the daughter scope. 

i. As the choledochoscope exits the accessory channel, the eleva- 
tor of the mother scope is left completely open so that the 
daughter scope can be advanced out of the mother scope into the 
duodenum and then into the CBD over the wire, thus avoiding 
breakage of the cholangioscope. In addition, any movement of 
the duodenoscope can cause potential breakage of the daughter 
scope. 

j. Once the daughter scope is in the CBD, remove the guide wire 
and use pressurized saline to irrigate the bile duct in order to 
maintain visualization. Since the daughter scope channel is 
small ( 1 .2 mm), only a cytology brush, lithotriptor fiber, and a 
three- or four-wire spiral basket can be used. Biopsy forceps are 
not yet available for the smallest daughter endoscope at this 
time. 

k. Once the choledochoscope has been removed, use the papil- 
lotome catheter to obtain a completion cholangiogram for 
documentation. 
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3. Transhepatic choledochoscopy 

a. Position the patient supine, give intravenous sedation and inject 
local anesthesia into the skin for needle access into the right or 
left lobe of the liver. 

b. Pass a needle into the ductal system under fluoroscopic guid- 
ance. For access to the right or left hepatic duct, the surgeon 
stands on the patient’s corresponding left or right side and the 
TV and fluoroscopy monitors are facing the surgeon. 

c. Dilate the tract to 5 mm using a dilating balloon. Tract dilatation 
can be done in one procedure or serially every 2 to 3 days over a 
2-week period using Amplatz dilators. 

d. Finally, a 22- to 24-French Amplatz dilator sheath is inserted to 
keep the liver tract open during the insertion of the choledocho- 
scope. The same two-wire technique for T-tube tract access is 
used as for the T-tube tract technique, and the choledochoscope 
is advanced into the left or right hepatic and common hepatic 
ducts through the sheath. The left and right hepatic ducts, com- 
mon hepatic and common bile ducts can be visualized. 



C. Biopsy and Brush Cytology Techniques 

The technique for biopsy and brush cytology is similar for the choledocho- 
scope and cholangioscope except that there is not a biopsy forceps for the 3- 
mm cholangioscope. 

1 . It is important to visualize all the bile ducts that can be safely can- 
nulated, to ensure completeness of examination. Bile duct tumors are 
frequently multicentric. 

2. Note tumor size and length. In addition to biopsy and cytology, bac- 
terial and fungal cultures may be appropriate. 

3. Perform at least six biopsies of the tumor or stricture in all quadrants. 

4. Perform brush cytology on the tumor and in all quadrants of a stric- 
ture after the biopsy has been done. Three to four passes of the brush 
over the tumor in different areas are necessary to ensure adequate 
sampling. 

5. Obtaining a successful diagnosis in the bile duct using these tech- 
niques is only 60 to 80% whereas in the stomach or colon, similar 
techniques are 95% accurate. 




51. Therapeutic Choledochoscopy and 
Its Complications 
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Thomas S. Stellato, M.D. 

A. Therapeutic Choledochoscopy 

1. Stone retrieval (see also Chapter 14.1, Laparoscopic Common Bile 
Duct Exploration: Transcystic Duct Approach). 

a. The simplest method is to flush the stones through the ampulla 
under direct visualization. This is usually aided by the admini- 
stration of 1 mg of glucagon given intravenously. By advancing 
the choledochoscope against the stones and directing the stone 
to the ampulla, bile duct stones can at times be forced through 
the ampulla and into the duodenum. 

b. The second method to remove stones that are visualized with the 
flexible choledochoscope is with the use of a straight four-wire 
basket. 

i. Advance the basket beyond the stone and then slowly 
withdraw it until the stone is in the basket. 

ii. Close the basket to entrap the stone. Visually verify stone 
capture. 

iii. Pull the basket up to the scope and withdraw scope, basket, 
and stone as a unit. 

iv. Repeat this process until all visualized stones are removed 
and a completion cholangiogram shows a clear duct. 

c. When stones are larger than the junction between the cystic and 
common bile duct, vigorous attempts to remove them can injure 
the duct. In these cases lithotriptors, introduced through the 
working port of the choledochoscope, can deliver an energy 
source to fragment the calculus. Mechanical lithotriptors are 
used to crush the stones but are difficult to use if the stone is 
adherent to the wall of the duct or if the stone is lodged in the 
ampulla. Electrohydraulic and pulse dye laser lithotriptors de- 
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liver an energy beam to break up the stones when placed in di- 
rect contact with the stones. If inadvertent bursts of energy 
strike the bile duct wall instead of the stone, then there may be 
damage to the tissue causing perforation. It is important to make 
sure the electrohydraulic lithotriptor is firmly in contact with the 
stone when power is applied. After the stones are broken up 
they can then be removed by the previously mentioned tech- 
niques. 



B. Complications of Choledochoscopy 

1. Bile leak 

a. Cause and prevention: Bile may leak from the cystic duct 
stump, the choledochotomy site, or from an unrecognized injury 
to the common bile duct. If choledochoscopy was performed via 
the cystic duct, the cystic duct may have been dilated or dam- 
aged during instrumentation. In this situation, the closure of the 
cystic duct stump should not be performed with clips but rather 
with a suture loop or some other type of suture ligation. The 
most common reason for a leak is a partial or complete obstruc- 
tion of bile flow across the ampulla because of a retained stone 
or edema. 

b. Recognition and management: If a closed suction drain was 
placed, the presence of bile in the drain would signify a biliary 
leak. The drain may be adequate to control the biliary fistula. In 
patients with a T-tube in which a biliary complication is sus- 
pected, a T-tube cholangiogram should be performed expedi- 
tiously. This may demonstrate a normal system (no leak), an ob- 
struction without leakage, leakage without obstruction or a 
dislodged T-tube. In those patients without a T-tube, a hepatic 
2, 6-dimethyliminodiacetic acid (HIDA) scan is an easy and 
noninvasive way to confirm if there is a leak. Once a leak is 
recognized, the source of it needs to be identified. This can be 
done through an endoscopic retrograde cholangiography (ERC). 
If the reason for the leak is a retained stone, this can then be re- 
moved endoscopically. If the leak is via the cystic duct stump, 
then an endoscopically placed transampullary biliary stent 
would allow for decompression and healing. Small bile leaks 
and collections recognized promptly will not require drainage if 
the leak is controlled with an endoprosthesis. If the collection is 
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significant, it can be drained percutaneously by CT or ultra- 
sound guidance. 

2. Bleeding 

a. Cause and prevention: Inflamed bile ducts can be quite friable 
and bleed when manipulated. To prevent bleeding it is necessary 
to be as gentle as possible with guide wires, baskets, and the 
choledochoscope. Bleeding from the edges of the choledochot- 
omy can be annoying and rarely serious. Guy sutures at the site 
of the bleeding can control the bleeding and assist with access to 
the common bile duct. If there appears to be a fair amount of 
oozing during surgery, it would be better to place a T-tube for 
decompression and flushing in the postoperative period. A rare 
complication is a fistula formation between the hepatic artery or 
portal structures and the bile duct secondary to perforation dur- 
ing the instrumentation by wires, baskets, etc. To prevent this 
complication, the baskets, balloons, and guide wires all need to 
be visualized with the choledochoscope or with fluoroscopy 
while being manipulated. 

b. Recognition and management: Bleeding can be recognized 
postoperatively as either a blood through the T-tube or as an 
upper or lower GI hemorrhage. If the bleeding is significant it 
can be localized to the biliary tract by blood from the T-tube or 
if endoscopy shows blood coming from the ampulla. Bleeding 
can be further localized and treated by angiography if a branch 
of the hepatic artery has fistulized to the biliary system. 

3. Perforation 

a. Cause and prevention: Manipulation of wires and baskets 
through the choledochoscope can result in perforations of the 
common bile duct or duodenum. Observing the baskets and 
wires through the choledochoscope or with fluoroscopy as they 
are being placed can prevent this problem. A second camera and 
a video mixer (picture in picture) allows the entire operating 
team to view the proceedings, which may decrease the risk of 
perforation or not recognizing that a perforation has occurred. 

b. Recognition and management: The injury can be seen on 
completion cholangiogram or present as a bile leak post- 
operatively. If the injury can be visualized, then it can be su- 
tured. Small leaks from the common bile duct can be managed 
as described above. An injury to the duodenum that cannot be 
visualized laparoscopically will necessitate converting to an 
open operation for definitive repair. 
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4. Pancreatitis 

a. Cause and prevention: Excessive and forceful flushing of 
contrast when the ampulla is obstructed can cause reflux into the 
pancreatic duct with resultant pancreatitis. This can also occur 
when high-pressure water is infused through the choledocho- 
scope in an obstructed system. This complication cannot always 
be avoided, but the use of gentle manipulation of the distal 
common bile duct and avoiding unnecessary instrumentation of 
the ampulla can help decrease its incidence. 

b. Recognition and management: The patient will present with 
excessive nausea and pain postoperatively and with an elevated 
amylase and lipase. The usual treatment regimen of bowel rest 
usually suffices and this process will be self-limited. A more se- 
rious problem exists if the pancreatitis is secondary to a retained 
stone. This scenario should be considered if the pancreatitis fails 
to improve and/or if the hepatic enzymes progressively increase. 
In severe cases of pancreatitis secondary to a retained stone, an 
ERCP and stone removal may be indicated. 

5. Retained common bile duct stones 

a. Cause and prevention: It is difficult to pass the choledocho- 
scope into the proximal common hepatic and intrahepatic ducts 
and therefore it is crucial to obtain a completion cholangiogram 
under fluoroscopy to prevent this problem. 

b. Recognition and management: If it is recognized intraopera- 
tively, then the choledochoscope can be replaced to attempt 
further removal of the stones. If the stone is in the proximal 
ducts and the exploration was done via the cystic duct, it may be 
necessary to divide the cystic duct to better position the passage 
of the scope into the proximal ducts. This is usually the last ma- 
neuver because once the cystic duct is divided it is very difficult 
to replace the scope. The other option for retained stones is to 
convert to a laparoscopic choledochotomy, which can allow a 
larger choledochoscope (4.5 mm) to be placed and a better angle 
for passing the scope into the proximal ducts. Postoperatively 
retained stones can present with pain, pancreatitits, cholangitis, 
or asymptomatic jaundice. If a T-tube was used, the stones can 
be removed percutaneously through the T-tube tract. A postop- 
erative ERC can also be used to identify and treat most retained 
stones. 

6. Stricture of the common bile duct 

a. Cause and prevention: Excessive manipulation of a small 
common bile duct with a large choledochoscope through a cho- 
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ledochotomy can result in a difficult to close choledochotomy 
with a T-tube. Common duct explorations are the leading causes 
of Bismuth level I strictures. This can be prevented by preferen- 
tially using a transcystic method of exploration, not performing 
a choledochotomy on a small duct, not using electrocautery on 
the duct, and using meticulous suturing when closing the cho- 
ledochotomy. If unable to do this, a postoperative ERC may be 
preferential to a bile duct exploration. 

b. Recognition and management: This difficult problem can be a 
late complication from laparoscopic CEDE and is recognized by 
elevated liver enzymes and diagnosed with ERC. The treatment 
includes endoscopic balloons, stent placement, and more defini- 
tive biliary enteric anastomosis. 

7. Damaging the choledochoscope 

a. Cause and prevention: The manipulation of a fine and fragile 
choledochoscope across the peritoneal cavity can easily damage 
the scope, which can be quite expensive to repair. Care must be 
utilized in handling the scope with laparoscopic instruments and 
in placing the scope through a trocar. Many times it is often 
better to place the scope through a separate port and use a long 
flexible “peel-away” sheath from a Cordis-type introducer set. 

b. Recognition and management: The damage is usually recog- 
nized when the scope is examined after the procedure and the 
protective sheath is noted to be cracked, which can limit its 
ability to be sterilized. 
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A. Indications 

The flexible sigmoidoscope is now the standard device for evaluation of 
the distal large bowel. Flexible sigmoidoscopy is used for screening of 
asymptomatic patients. When neoplastic polyps are found in the distal colon 
during asymptomatic screening, the entire colon must subsequently be ex- 
amined. Flexible sigmoidoscopy may also be used to investigate symptoms 
referable to the distal large bowel, but is not a substitute for complete colon 
evaluation (for example, for workup of an iron deficiency anemia). 



B. Instrumentation 

Two principal 65-cm flexible sigmoidoscopic imaging systems are cur- 
rently available. 

1. The older style instrument is the flexible flberoptic sigmoidoscope. 
A fiber bundle carries the illumination light down the shaft and a 
second fiber bundle carries the image back to the eyepiece. 

2. The second instrument is an electronic videoscope. The light is car- 
ried down by a fiber bundle but the image is registered on a CCD 
chip at the tip of the scope. Although a great number of traditional 
fiberscopes remain, they are gradually being replaced by video tech- 
nology. As with other endoscopes, the video system provides better 
image quality, reliability, image capture, annotation, and printing. 

3. Both the fiberoptic and videoscopes require thorough mechanical 
cleansing and high-level disinfection of external surfaces and internal 
channels. A sheathed videoendoscope system has been developed 
that addresses some of the elements of scope cleansing. The use of a 
sheath may prolong examination time slightly, but significantly de- 
creases downtime. 
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C. Patient Preparation 

Adequate bowel preparation is essential for more than simple accuracy rea- 
sons. Any residual that is more substantive than a thin aspiratable liquid pro- 
longs the examination, contributes to discomfort by requiring greater air insu- 
flation, and adds to the risk a injury. Formed stool, once adherent to the 
viewing lens can be very tenacious, requiring blind removal of the instrument. 
Stool coating the mucosa obscures surface morphology and vasculature. A 
pool of opaque liquid between folds may be much deeper than apparent and 
consequently harbor a significant lesion beneath the surface. Fecal residue has 
a tendency to adhere to an abraded or demucosalized surface more readily than 
to the surrounding normal epithelium. Consequently, all stool-coated surfaces 
must be exposed if one is to clear the examined area with confidence. 

Either cathartic, lavage, or enema preparation can be used for flexible sig- 
moidoscopy preparation. Preparation with a hypertonic sodium phosphate 
(Fleets, CB Fleet Co., Inc., Lynchburg, VA) enema is simple and safe in most 
patients. Symptomatic hyperphosphatemia and hypocalcemia can occur in 
children or patients with renal insufficiency. 

Flexible sigmoidoscopy is an office procedure. Sedation is rarely needed. 



D. Technique of Flexible Sigmoidoscopic 

Intubation 

1. Flexible sigmoidoscopy does not require special positioning, but 
most right-handed physicians find the left lateral decubitus position 
most convenient. 

2. Perform a digital examination with a well-lubricated gloved finger. 
This lubricates the anal canal and confirms that there are no lesions 
of the distal rectum. Carefully palpate the prostate (in male patients) 
and the posterior ampulla of the rectum, an area that may be difficult 
to visualize with the endoscope. 

3. Grasp the control housing of the scope with the left hand, so that 
the thumb can manipulate the deflection controls and the second and 
third fingers can activate the air and suctions channels. Grasp the 
distal end of the scope with the right hand, apply lubricant to the 
shaft (not the lens). 

4. Use the index finger of the right hand to stabilize the deflection 
mechanism (bendable tip). Gently insert the scope. The complete de- 
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flection mechanism, about 10-cm, must be inserted before the dial 
controls become effective. 

After obtaining a view of the rectum, position the right hand on the 
shaft about 10- to 15-cm from the anal verge. Use the right hand to 
maintain shaft position, manipulating the deflection controls with the 
left hand. Greater speed and efficiency will be attained if the endo- 
scopist avoids jumping the right hand back and forth between the 
shaft and the dials. 

Intubation is performed using a combination of tip deflection, shaft 
torque, and shaft advancement/withdrawal, along with air insuffla- 
tion and removal (see Chapter 40, Endoscope Handling). 

a. Two concentric dials control tip deflection. The larger outer 
dial deflects the distal 10 cm of scope nearly 180 degrees in ei- 
ther the up or down direction. The smaller dial does the same in 
the left-right direction. When both dials are maximally applied, 
the tip of the scope will overdeflect, well beyond 180 degrees. 
Judicious use of tip deflection greatly facilitates finding the lu- 
men. However, once 90 degrees of deflection have been applied, 
the deflection mechanism begins to impede forward advance- 
ment of the scope. The leading edge of the scope is no longer 
the tip of the scope but rather the sharply angled shaft of the de- 
flection tip itself (Fig. 42.2), and the colon deforms rather than 
permitting scope passage. Severe tip deflection, when necessary, 
should be restricted to finding the lumen, flattening the angle as 
much as possible before further advancement. 

b. Shaft torquing permits the partially deflected tip to press 
against a fold and ease into the lumen ahead. This is particularly 
useful when there is considerable circular muscular hypertrophy 
associated with diverticular disease in the sigmoid. When the 
full length of the scope has been inserted into a redundant sig- 
moid, clockwise torquing tends to straighten the loop whereas 
counterclockwise torque usually accentuates the redundancy. 

c. Shaft advancement is obviously necessary in order to obtain 
maximum intubation with the flexible sigmoidoscope. Incorpo- 
rate torque and tip deflection as the scope is advanced. Rather 
than simply pushing the scope ahead, it is more effective to ad- 
vance and withdrawn the shaft in a repetitive rhythmic fashion 
covering 10 to 15 cm (dithering). This shortens the colon by 
reefing it back onto the shaft of the scope. 

Insufflate air to visualize the lumen, but avoid excess insufflation. 
Unnecessary distention increases patient discomfort and accentuates 
the angulation between fixed loops of colon. Since there is continu- 
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ous air flow to the control button, a lazy finger blocking the air vent 
can result in a great deal of unnecessary insufflation. 

8. There are three general approaches to complete intubation using 
the flexible sigmoidoscope: intubation by elongation, intubation by 
looping, and intubation by dither-torquing. 

a. Intubation by elongation, the most basic approach, simply 
means advancing the shaft of the scope until there is no longer 
any scope left to advance. In some circumstances, such as after 
anterior resection, when all left colon redundancy has been re- 
moved the scope may be able to be maximally inserted with 
minimal manipulation of the control dials. More often, however, 
this approach will result in substantial stretching of the sigmoid 
colon into a large bow with the tip of the scope reaching only 
the sigmoid-descending junction (Fig. 52.1). 

i. To advance further, direct the deflection tip of the scope 
proximally into the distal descending colon lumen. 

ii. Reduce the elongated sigmoid by clockwise torquing while 
withdrawing scope shaft. The net result is to reef the sig- 
moid onto the shaft of the scope. 

iii. After reducing the sigmoid, advance the shaft while main- 
taining clockwise torque. 

b. Intubation by looping takes advantage of a redundant sigmoid 
and manipulates it into position (Fig. 52.2). 

i. After reaching the rectosigmoid, apply counterclockwise 
torque during shaft advancement. The proximal sigmoid 
will be directed toward the right side of the lower abdomen 
and pelvis. 

ii. This creates an alpha loop (name derived from resem- 
blance to Greek letter alpha). The sigmoid-descending 
junction can then be approached in a horizontal direction, 
thus flattening the angle that has to be negotiated with the 
deflection tip of the scope. 

iii. Once the deflection tip has been positioned at the mid- or 
distal descending colon, reduce the loop by simultaneous 
clockwise torque and shaft withdrawal. As the loop is 
removed, the tip of the scope will extend more proximally 
as the colon accordionizes onto the scope even though 
some shaft is being withdrawn. 

iv. Once the sigmoid is straight, advance the shaft while 
maintaining clockwise torque. 
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Figure 52.1. Intubation by elongation. A. The sigmoidoscope is advanced to 
the proximal sigmoid. B. Severe tip deflection prevents further advancement 
resulting in sigmoid elongation. C. Clockwise torquing and shaft withdrawal 
accordionizes the sigmoid. 
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Figure 52.2. Intubation by looping. A. The sigmoidoscope is advanced to the 
distal sigmoid. B. Counterclockwise torquing during further advancement 
loops the proximal sigmoid in front of the distal sigmoid. C. The looped sig- 
moid flattens the angle at the distal descending colon. D. Clockwise torquing 
and shaft withdrawal accordionizes the sigmoid. 



c. Intubation by dither-torquing attempts to minimize stretching 
or deforming of the colon. The colon is shortened and reefed 
during intubation, rather than after a large loop has been pro- 
duced. Synchronous use of a back-and-forth movement with the 
shaft while torquing left and right is very effective in showing 
the way to the lumen while encouraging the colon to accordi- 
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anize onto the scope (Fig. 52.3). This avoids the development of 
a large and often uncomfortable loop. When the sigmoid is 
tightly nested in the pelvis, dither-torquing method is usually 
the only way the intubation can be accomplished. 

i. Move the right hand (on the shaft) in a figure-of-eight-like 
motion and apply clockwise torque during a few centime- 
ters of withdrawal. 

ii. Continue this repetitive motion, attempting to bring the 
colon down onto the scope rather than pushing the scope 
into the colon. 




Fig. 52.3. Intubation by dither-torquing. A. The shaft is torqued counterclock- 
wise while advancing the shaft 10- to 15-cm. B. The shaft is torqued clockwise 
while withdrawing the shaft 10- to 15-cm. Repetition of this cycle encourages 
the sigmoid to accordianize onto the sigmoidoscope. 
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iii. Advance additional scope only when there is no further 
progress. Use gentle tip deflection towards the lumen. Se- 
vere deflection will prevent accordianization of the colon. 



E. Biopsy 

Biopsy forceps are used to obtain tissue specimens. The forceps can either 
have a simple cup for single specimen retrieval or a cup with a central spire 
upon which two or three specimens are gathered. Avoid the use of electrocau- 
tery (hot biopsy forceps, snare) in the absence of complete mechanical bowel 
preparation to reduce hydrogen and methane gas concentrations. Always en- 
sure a clear view of the lumen when passing the biopsy forceps through the 
channel, in order to avoid perforation of the bowel wall (particularly in diver- 
ticular bowel). 



F. Complications 

Intubation may be difficult in the presence of extensive diverticulosis or 
pelvic adhesions. A dense population of large-diameter diverticular orifices in 
association with circular muscular hypertrophy can confuse identification of 
the lumen. Do not proceed with shaft advancement in the absence of a clear 
view of the lumen. If the next proximal fold cannot be clearly identified 
through the prospective opening, one is more likely peering into a diverticulum 
rather than the lumen. 

Pelvic adhesions may severely limit the degree of manipulation that one 
can apply to the sigmoid and descending colon. Prior gynecologic surgery, a 
history of peritoneal sepsis, and radiation injury are often responsible for se- 
vere adhesive formation. If the colon between the rectosigmoid and the distal 
descending colon is fixed into tightly nested loops, intubation may not be pos- 
sible. 

Persistence or the application of undue force may result in perforation. 
This complication is quite rare when proper technique is used. 
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A. Polypectomy 

Polypectomy is the major therapeutic maneuver performed at flexible sig- 
moidoscopy. Snare polypectomy is used for medium and large polyps. Small 
polyps (less than 4-5 mm) may be removed with the hot biopsy forceps. Identi- 
fication of polyps during screening flexible sigmoidoscopy should prompt full 
colonoscopy to exclude the presence of other lesions above the reach of the 
flexible sigmoidoscope. 

1 . Snare polypectomy: pedunculated polyps are ensnared at their stalk, 
and sessile polyps are ensnared within normal mucosa lateral to the 
polyp. The snare is tightened and monopolar electrocautery is used to 
coagulate and transect the polyp at the level of the snare. 

a. Push the snare out the distal tip of the sigmoidoscope. 

b. Open the snare well proximal to the lesion. Open the snare fully 
regardless of lesion size, to obtain better control for placement 
of the snare. 

c. Withdraw the snare to position the plastic sheath at the base of 
the polyp or lesion. 

d. Close the snare slowly until the tissue is visualized and felt to 
give resistance. 

e. Set the electrocautery to apply primarily coagulating current. 
Minimal if any cutting current should be required. 

f. Apply cautery slowly and in short bursts. 

g. When the polyp is large, minimize the risk of electrocautery 
complications by two means: 

i. Move the snare tip slowly back and forth to avoid pro- 
longed contact with the wall of the colon with concentra- 
tion of current at one place. 

ii. Deliberately place the broad surface of the polyp against 
the colon wall to maximize the surface area over which the 
electric current is distributed. 
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2. The hot biopsy forceps utilizes monopolar cautery to destroy the 
base of a minute polyp while preserving the architecture of the 
specimen within the biopsy jaws. The specimen may then be exam- 
ined histologically. 



B. Dilatation of Anastomotic Strictures and 
Control of Bleeding 

1. Anastomotic strictures within reach of the flexible sigmoidoscope 
may be therapeutically dilated by use of pneumatic balloon dilators 
in a fashion identical to that of colonoscopy. 

2. Control of bleeding has previously been less emphasized and felt to 
be impractical in flexible sigmoidoscopy and colonoscopy. More re- 
cent studies have shown that endoscopic evaluation of the lower GI 
tract in the setting of acute bleeding is feasible and of value from 
both a diagnostic as well as therapeutic standpoint. 

a. Injection sclerotherapy is most commonly used. Generally so- 
dium tetradecol or ethanolamine oleate are used. Absolute alco- 
hol injection is not recommended. This agent has caused full- 
thickness necrosis and perforation of the colon wall. 

b. Monopolar cautery may be cautiously applied in a short burst. 
The very tip of a closed snare may be extended beyond the 
plastic sheath to allow for a controlled application of current in 
a desired location. 

c. Heater probe may be used to apply heat directly over a source 
of bleeding. The technique is similar to application of a brand- 
ing iron. It is best utilized in cases of small angiodysplasias. 

d. The BICAP is a bipolar application of electrical current. It is 
generally considered safer than monopolar current. The current 
path flows between two electrodes, thus limiting stray current 
and the risk of full thickness bum that may occur with mono- 
polar electrocautery. 

e. Lasers may be utilized in a therapeutic fashion but are often not 
available in the office setting where flexible sigmoidoscopy is 
most often performed. Lasers must be of a frequency that yields 
low depth of penetrance. They are best utilized in cases of 
bleeding angiodysplasia. 
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C. Removal of Foreign Bodies 

Foreign body removal from the rectum and colon has become more com- 
mon today. The embarrassed patient may give minimal history, but usually 
knows it is there. 70% to 80% of swallowed foreign objects will pass sponta- 
neously and do not require removal. In contrast, foreign objects that have been 
inserted through the anus frequently will not pass due to size and associated 
sphincter spasm, thus requiring endoscopic extraction. 

First obtain an abdominal x-ray series to assess that the foreign body is 
within reach of the flexible sigmoidoscope and to rule out a perforation. Perfo- 
ration changes the procedure to an operative procedure. If removal by flexible 
sigmoidoscopy is felt to be feasible: 

1. First apply topical anesthetic to the anal sphincter to help break the 
reflexive sphincter spasm. 

2. Consider the size of the object. Spinal anesthesia allows wide 
sphincter dilatation for removal of large or rounded objects. 

3. Try to obtain a duplicate of the foreign object. Careful analysis may 
yield the solution as to what instrument will allow the best purchase 
and the most secure/safest orientation to remove the object. 

4. A large snare is usually the best tool for sigmoidoscopic retrieval. 

5. Use an overtube for multiple objects or objects with leading edges. 

6. Turn sharp objects such that the leading edge becomes a trailing 
edge. 

7. Repass the scope after foreign body removal to assess for injury such 
as bowel wall perforation or laceration that may have occurred dur- 
ing removal. 



D. Complications of Flexible Sigmoidoscopy 

1. Missed diagnosis 

a. Cause and prevention: The diagnosis may be missed as a re- 
sult of failure to recognize the pathologic finding. Formal 
training and experience are the key to avoiding this complica- 
tion. 

b. Recognition and management: This is difficult because the 
complication is truly one of omission. The diagnosis may be 
missed due to failure to recognize the indication and thus failure 
to perform the procedure. A classic example would be to attrib- 
ute bright red blood per rectum to hemorrhoids, rather than do- 
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ing the endoscopic evaluation needed to diagnose cancer of the 
rectum or sigmoid colon. 

2. Complications of the bowel preparation may arise and include 
electrolyte imbalance and cardiac effects, hypovolemia, and solitary 
rectal ulceration resulting from enema insertion. 

a. Cause and prevention: pay careful attention to the overall 
status of the patient. Avoid the 4-L polyethylene glycol solu- 
tions in those patients with poor functional status. Such patients 
may require a 2- or 3-day prep to avoid fluid imbalance. For 
flexible sigmoidoscopy, most patients can be prepped with sim- 
ple enemas. Even then, the patient and/or nurse must be atten- 
tive to technique to avoid local trauma. 

b. Recognition and management: Poor skin turgor, obvious 
dyspnea, or cardiac dysrhythmias signal fluid and electrolyte 
abnormalities. New onset of anorectal pain should prompt care- 
ful examination of the anorectal region during the procedure. 
Solitary rectal ulcers are managed by bulking agents, topical an- 
esthetics, and careful hygiene. 

3. Anorectal trauma due to scope insertion 

a. Cause and prevention: Anal injury may result in painful fis- 
sures. Causes include inadequate lubrication and reflexive 
sphincter spasm at scope insertion. Avoid this by careful and 
gentle digital pressure on the perineal body just prior to and at 
the insertion of the scope. This causes reflex relaxation of the 
anal sphincter, minimizing the risk of trauma. 

b. Recognition and management: Acute bleeding and pain with 
blood on the insertion tube should make this issue suspect. This 
should be followed by careful anorectal examination during the 
procedure. The management includes bulking agents, topical 
anesthetics, and keeping tissues dry to promote healing. 

4. Perforation is the most common and most morbid complication of 
therapeutic flexible sigmoidoscopy. 

a. Cause and prevention: Immediate perforation may result from 
electrocautery injury, taking too large a bite with the snare or 
hot biopsy forceps, traction injury (excessive wall tension dur- 
ing scope manipulation), or blowout of a diverticulum. Delayed 
perforation occasionally results when wall necrosis from elec- 
trocautery is not obvious for several days. 

b. Recognition and management: Acute perforation is frequently 
easy to recognize. The view through the scope shows intra- 
abdominal organs rather than mucosa. Other signs include pain 
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beyond that normally encountered, along with mild to moderate 
distention. The diagnosis is confirmed by free air on upright or 
left lateral decubitus film. Suspect delayed perforation in the 
appropriate setting when pain, leukocytosis, abdominal disten- 
tion and signs of peritonitis develop several days to even several 
weeks after flexible sigmoidoscopy. Acute perforations taken to 
surgery immediately may be managed without creation of a 
stoma. The amount of time since perforation, degree of spillage 
of colonic contents, and health status of the patient all factor 
into the decision to repair the perforation, resect the segment, 
and whether to create a colostomy. The preparation for flexible 
sigmoidoscopy may be sufficient for primary repair if the perfo- 
ration is recognized immediately and the patient taken to the op- 
erating room promptly, before much spillage occurs. Either an 
open or a laparoscopic approach may be used at the discretion of 
the surgeon. 

5. Hemorrhage is generally recognized after the procedure is termi- 
nated. 

a. Cause and prevention: Immediate, visible bleeding is most 
often due to inadequate cauterization during polypectomy or bi- 
opsy. Immediate occult (internal) bleeding occasionally results 
from mesenteric or splenic capsule tears from overly aggressive 
endoscope manipulation. Delayed visible bleeding usually oc- 
curs around the eighth day when the eschar separates from co- 
agulated site. 

b. Recognition and management: At times brisk bleeding is 
noted immediately, setting the endoscopist into theraputic ma- 
neuvers. Otherwise, immediate bleeding may first be recognized 
by the passage of bright red blood per rectum in the recovery 
area or unfortunately in the case of flexible sigmoidoscopy, by 
the patient at home. Tachycardia and hemodynamic are not al- 
ways obvious. Splenic injury may be noticed by a frightening 
and rapid instability with possible expanding abdomen. How- 
ever, it may also go unnoticed until the patient becomes unsta- 
ble at home. Endoscopic interventions are most commonly ap- 
plied to hemorrhagic complications. The most common setting 
would be in postpolypectomy bleeding. Even this is generally 
self-limited. 

i. If recognized at endoscopy, the bleeding polypectomy site 
may be immediately recauterized with monopolar cautery 
or bipolar cautery (BICAP) instrumentations. 
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ii. Intervention with injection sclerotherapy is also fast, safe, 
and strongly recommended. The agents most commonly 
utilized are sodium tetradecol and ethanolamine oleate. 
This technique does carry with it the risk of a full-thickness 
colonic wall necrosis. The volume of any agent utilized 
should be minimized. Use of absolute alcohol is not rec- 
ommended due to the significant risk involved for full- 
thickness necrosis after alcohol-induced desiccation. 

iii. Delayed postpolypectomy bleeding may be suspected in 
the patient who develops acute lower gastrointestinal 
bleeding at around 8 days postpolypectomy. The eschar 
separation classically occurs in this time frame. It is usually 
self limited and may be managed with intravenous hydra- 
tion and supportive care. In specific cases, endoscopic in- 
terventions as outlined above will usually be successful. 

iv. Surgery is rarely required for postpolypectomy bleeding. 
When surgery is required, localize the bleeding site accu- 
rately before laparotomy. It is rarely feasible to mark the 
bleeding site preoperatively with vital dye at endoscopy 
(although this is helpful when it can be accomplished). 
Colotomy with oversewing of the bleeding point is the 
simplest maneuver, but is not always possible. The patient 
may need an anatomic resection to ensure that the site has 
been removed. 

6. Bacteremia and possible sepsis: Bacteremia has been demonstrated 
after colonic manipulation. Antibiotic prophylaxis is recommended 
for high-risk patients (for example, patients with artificial heart 
valves or or other implanted prosthetic devices). 

7. Incomplete polypectomy may be a technical error or deliberate in 
cases of large sessile polyps. Attention to detail of polypectomy 
technique is the best prevention. If snare placement does not seem 
appropriate, it is generally possible to regrasp the polyp as long as 
electrocautery has not yet been applied. Reapplication of the snare to 
complete an adequate polypectomy prevents a clinical situation re- 
quiring repeat endoscopy. Mark polyps that are too large to com- 
pletely remove with indigo carmine or other vital dyes to facilitate 
removal of the proper colonic segment at open or laparoscopic sur- 
gery. 

8. Explosion is far less common with better methods of bowel prepara- 
tion that prevent accumulation of hydrogen or methane gas. If the 
prep is not good, it may be prudent to defer use of electrocautery 
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(scheduling a second procedure if necessary) until an adequate me- 
chanical preparation has been attained. 

9. Glutaraldehyde-induced colitis results from inadequate washing of 
endoscopes with ineffective flushing of biopsy/instrument channels. 
This iatrogenic colitis can be prevented by careful training of endos- 
copy personnel and attention to detail. Newer methods of endoscope 
cleansing avoid use of the inciting agent. The colitis generally pres- 
ents less than 6 hours after flexible sigmoidoscopy. Management is 
supportive. 

10. Rare and unusual complications: Though rare, the theoretical pos- 
sibilities must be known and vigilant attention paid to avoid such oc- 
currences as: 

a. Incarceration of bowel in a hernia. 

b. Incarceration of the flexible sigmoidoscope in a hernia. 

c. Aortic aneurysm rupture. 

d. Creation of a sigmoid volvulus. 

e. Pneumocystoides intestinalis. 

f. Accidental removal of a ureterosigmoidoscopy stoma by mis- 
taking it for a polyp. 
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A. Indications 

Generally accepted indications for diagnostic colonoscopy are summarized 
in Table 54.1. Colonoscopy is usually not indicated in patients with bright red 
rectal bleeding when a convincing anorectal source has been found on anos- 
copy or sigmoidoscopy and when there are no other symptoms suggesting a 
more proximal source of bleeding. It is also not necessary in upper gastrointes- 
tinal bleeding when a source proximal to the colon has been clearly identified. 
Colonoscopy is generally not indicated in the workup of metastatic carcinoma 
in the absence of symptoms related to the colon. Colonoscopy is indicated for 
evaluation of unexplained abdominal pain or change in bowel habits only in 
select cases. It is generally not indicated in patients with chronic stable ab- 
dominal pain or symptoms of irritable bowel in the absence of other indications 
for colonoscopy. 

Table 54.1. Indications for diagnostic colonoscopy 

Evaluation of gastrointestinal bleeding 

• Hemoccult positive stools 

• Hematochezia when an anal or rectal source is not certain 

• Melena after excluding an upper GI source 

• Unexplained iron deficiency anemia 

Surveillance for colon neoplasia 

• Following resection of carcinoma or malignant polyp 

• When a cancer or neoplastic polyp has been found on screening sig- 
moidoscopy (provided the results will change treatment plan) 

• In high cancer risk patients 

First-degree relatives or multiple family members with colon 
cancer 

Cancer family syndrome 

Chronic ulcerative colitis with pancolitis greater than seven 
years or left-sided colitis of greater than ten years 
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Table 54.1. continued 

Inflammatory bowel disease 

• Determination of extent of disease 

• Confirmation of diagnosis 

• Cancer surveillance in chronic ulcerative colitis 

Evaluation of 

• Clinically significant abnormalities on barium enema 

• Clinically significant diarrhea of unexplained etiology 

• Suspected ischemic colitis 

Intraoperative localization of lesions not apparent at surgery 



Contraindications to colonoscopy include peritonitis or suspected colo- 
rectal perforation, severe acute diverticulitis, fulminant colitis, and hemody- 
namic instability. Relative contraindications include large bowel obstruction 
and recent myocardial infarction or pulmonary embolus. 

B. Preparation and Positioning of the Patient and 
Room Setup 

1 . Bowel preparation is essential; the entire colon should be cleansed 
of all fecal matter for an adequate exam and to decrease the risk for 
potential complications. 

a. Discontinue iron=containing medications or constipating agents. 

b. Clear liquids or other residue-free diets for 24 hours. 

c. Four liters of specially balanced electrolyte lavage solution, e.g., 
polyethylene glycol-electrolyte (PEG) given orally, beginning 
approximately 18 hours prior to the exam. Administer at a rate 
of 1 to 2 L per hour (8 ounces every 10 minutes). Modifications 
include sulfate-free PEG lavage solution, which tends to be less 
salty, and various flavored PEG solutions. Sugars should not be 
added to the gut lavage as it may cause sodium retention or lead 
to production of potentially explosive gases. Reglan is occa- 
sionally given prior to the prep to prevent the associated nausea 
and vomiting. 

d. An alternative small-volume regimen of oral sodium phos- 
phate (Fleet R Phospho R-Soda). A -1.5 oz bottle is given 
orally b.i.d. the day before the colonoscopy. One small-volume 
enema (Fleet enema R) is given the morning of the examina- 
tion. This regimen has been shown to be as effective, better tol- 
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crated, and less expensive than the PEG prep. This is a highly 
osmotic buffered saline laxative that stimulates the small bowel 
and therefore may cause dehydration and electrolyte imbalance, 
and transient hyperphosphatemia. Use cautiously in patients 
with symptomatic congestive heart failure, ascites, or renal in- 
sufficiency. 

e. Alternatively, the “traditional” bowel prep of clear liquids for 2 
days and a purge with oral magnesium and enemas the day be- 
fore the exam. 

f. Do not use mannitol or other fermentable carbohydrates, which 
could be converted to explosive gases. 

2. The instruments: The newer generation of colonoscopes that are 
predominantly used nowadays are videoscopes. Light signals pass 
through a wide-angle lens onto a CCD chip, which in turn transmits 
them into electronic signals to a video processing unit where the im- 
age is reconstructed digitally. This is in contrast to fiberoptic scopes 
where the image is a real image transmitted through the eye piece via 
fiberoptics (see Chapter 39, Characteristics of Flexible Endoscopes, 
Troubleshooting, and Equipment Care). Become familiar with the 
basic components of the endoscope and the video system. Always 
check the instrument before the examination. 

3 . Patient preparation and positioning 

a. Before beginning any endoscopic procedure, review the proce- 
dure with the patient, answer questions, ease the patient’s con- 
cerns, and obtain an informed consent. 

b. For patients with high risk of developing infections from bacte- 
remia such as patients with valvular heart disease and prosthetic 
valves, endocarditis prophylaxis with antibiotics is recom- 
mended. 

4. The basic room setup is diagrammed in Fig. 54.1. The patient is in 
the center of the room in the left lateral position with thigh and legs 
flexed. The endoscopist stands on the right side of the patient and the 
assistant on the left. The presence of two video monitors allows both 
endoscopist and assistant a comfortable view. 

5. Appropriate monitoring includes continuous EKG, pulse rate, and 
pulse oximetry monitoring, and intermittent blood pressure record- 
ing. Most patients will need supplemental oxygen given via a nasal 
canula (see Chapter 41, Monitoring, Sedation, and Recovery). 

6. Conscious sedation is used for most patients. The most popular 
agents are a combination of a narcotic (e.g., Demerol or morphine 
sulfate) and a benzodiazepine (e.g., diazepam, midazolam). Titrate 
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dose to effect and always have reversal agents (naloxone and flu- 
menazil) available. 




Figure 54.1. Patient position and room setup. A video monitor is placed in the 
direct line of sight of the endoscopist (at the back of the patient) and the assis- 
tant (who stands in front of the patient). Monitoring equipment for EKG, blood 
pressure, and oxygen saturation are positioned at the foot of the bed. 
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C. General Principles of Colonoscopy 

After ensuring adequate sedation, the exam should always start with a vis- 
ual inspection of the anus and a digital rectal exam. 

1. Place your index finger about an inch from the tip of the scope and 
insert the scope by sliding the tip across the perineal body and into 
the anus. This reduces trauma to the anal canal. Use plenty of lubri- 
cant on the endoscope, but not on the lens. Insert the scope straight 
without twists. 

2. Use air insufflation to open the rectum and to visualize the lumen, 
and from there on advance the scope while keeping the lumen of the 
colon in view. 

3. General principles to follow (see Chapter 40, Endoscope Handling): 

a. To maintain maximal control during the colonoscopy keep your 
right hand on the shaft of the scope and use the left hand to 
control the suction, irrigation, insufflation, and tip deflection. 

b. Use a combination of simultaneous moves to maneuver your 
way through the colon. 

c. Torque with the right hand moving clockwise and counter- 
clockwise; push, pull, and jiggle and use the left hand to deflect 
the tip of the scope up and down, left and right. 

d. Alternatively, a two-operator technique can be used: one op- 
erator controls scope deflection while the other advances and 
withdraws the scope. 

4. Pay attention to the following: 

a. Avoid overinsufflation. 

b. Minimize “loop” formation by periodically straightening the 
colon by jiggling and withdrawing the colonoscope. This fa- 
cilitates the procedure (Fig. 54.2). 

c. Always try to keep the lumen in view and avoid pushing the 
scope blindly or “sliding by” as this may increase the risk of 
perforation. 
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Figure 54.2 A. Formation of loops in the colon can cause patient discomfort, 
difficulty in advancing the scope, and may increase the risk of perforation. B. 
Here an alpha loop has been formed in the sigmoid colon, facilitating passage 
into the descending colon. Clockwise torque is sometimes necessary to derotate 
the loop. C. In the early phase of colonoscopy, try to keep the tip of the scope 
straight or only slightly bent. Use a combination of push, pull, jiggle, and 
torque to remove the loops and “straighten” the colon. This facilitates passage 
through the splenic flexure. 



D. Passing the Colonoscope — ^Normal Anatomy 

1. The rectum: The rectum is characterized by its valves of Houston, 
which will appear as semilunar folds as soon as you enter the rectal 
vault. In addition the rectal wall has a prominent submucosal venous 
plexus and the rectal veins are larger than elsewhere in the colon. 

2. The sigmoid colon: The sigmoid colon has a high muscular tone and 
can easily go into spasm. It is tortuous with a semilunar appearance 
of folds. Diverticulae are common in this portion of the colon and 
they may mimic the lumen, so be careful advancing. Passage of the 
scope may be particularly difficult in patients who have had prior 
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pelvic surgery (e.g., hysterectomy) and in the elderly. In general, 
avoid overinsufflation and periodically straighten the scope and re- 
duce loops as they form. 

3. The descending colon: The descending colon has a straight, tubular 
shape with no haustral markings and has less musculature than the 
sigmoid colon. Although passage of the scope may be easier here, 
continue to periodically jiggle back and forth attempting to straighten 
the scope. “A straight sigmoid is the key to an easy splenic flexure” 
(Church, 1995). 

4. The splenic flexure: The splenic flexure will appear as a turn at the 
end of the descending colon. It has a characteristic blue shadow re- 
flecting the spleen and frequently a strong transmitted cardiac pulsa- 
tion can be seen. Often, asking the patient to take a deep breath will 
help making the turn. 

5. The transverse colon: The transverse colon has a characteristic tri- 
angular appearance. 

a. Difficulty in advancing the scope or complaints of pain from the 
patient are probably caused by a sigmoid loop. 

b. Try to “reduce” the loop in the scope by withdrawing to 
straighten the sigmoid colon. 

c. Sometimes it is possible to gently “push through the loop” to 
advance, but be careful as force may cause tears and perfora- 
tions in the sigmoid colon. 

d. Applying pressure to the left or lower abdominal wall or 
changing the patient’s position may help (supine or prone). 

6. The hepatic flexure: The hepatic flexure has a characteristic blue 
liver shadow and there is usually a pool of liquid at the end of the 
transverse colon. 

7. The ascending colon and cecum: The ascending colon is also trian- 
gular. The three colonic taenia converge at the cecum giving it its 
characteristic “Mercedes sign” where the appendiceal orifice can be 
found. The ileocecal valve will appear as a yellowish fold or may 
look polypoid, and occasionally may look flat. Flowing liquid stool 
or gas bubbles sometimes can be seen emerging from it. Advancing 
the scope beyond the hepatic flexure will often lead to a paradoxical 
movement, i.e., scope moves backward. Pull the scope back and use 
intermittent suctioning and that will most often push the tip of the 
scope forward toward the cecum (another paradox). Remember the 
suction channel is at the six o’clock position on the screen, so tip the 
scope up as you apply suction to avoid catching the mucosa. Rotating 
the patient here can also be helpful in advancing the scope. It is very 
important to ascertain reaching the cecum by clearly identifying the 
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appendiceal orifice and the ileocecal valve. Other maneuvers include 
transilluminating the right lower quadrant (RLQ) and seeing inden- 
tations on the cecal wall as the RLQ is palpated. The only way to 
verify reaching the ileocecal valve with 100% confidence is intubat- 
ing the terminal ileum and visualizing ileal mucosa. 

8. Scope withdrawal: After complete insertion, withdraw the colono- 
scope gradually, carefully inspecting the colonic mucosa circumfer- 
entially. If an area slips, readvance the scope to get a satisfactory 
exam. When the rectum is reached, “retroflexing” the scope will pro- 
vide a view of the lower rectal ampula. After careful inspection 
straighten the scope and suction excess air in the lumen and with- 
draw the scope. 



E. Passing the Colonoscope — ^Postsurgical 
Anatomy 

After colon resections, the colon is generally shorter and the colonoscopy 
is correspondingly easier and less time-consuming. 

1. If the sigmoid colon has been resected, the colon will appear 
straighter. 

2. Anastomoses are recognized by either visualizing a suture or staple 
line with its characteristic whitish linear scar. Occasionally suture or 
staple material can be seen through the mucosa. Anastomoses may be 
an end to end (one lumen), side to side (two lumina seen simultane- 
ously) or end to side (one lumen and one blind end). It is very im- 
portant to recognize the blind end and avoid forceful insertion as this 
may lead to perforation. This is especially true in stapled low anterior 
resection anastomoses and stapled colostomy takedowns. A sharp 
turn is frequently noted in stapled side-to-side, functional end-to-end 
anastomoses. 

3. Passing scope via colostomy: This is done with the patient in the 
supine position. Again, a careful visual inspection and digital exam 
to the level of the fascia is mandatory before introducing the scope. 
This will also help in gently dilating the stoma prior to introducing 
the scope. The remainder of the colonoscopy follows the above- 
mentioned principles. A problem particular to this situation is air 
leakage around the stoma, which could compromise insufflation. 
Applying mild pressure with a gauze around the scope at the stoma 
level may be helpful. 
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F. Biopsy 

Colonoscopic biopsies are generally mucosal. Submucosal lesions cannot 
be biopsied using these conventional methods. The cecum and right colon are 
thin walled, and caution should be exercised when using the hot biopsy tech- 
nique in that portion of the colon due to increased risk of perforation. 

1 . The indications for biopsy are very broad and guided by their clini- 
cal relevance to diagnosis and treatment. In general, biopsies are ob- 
tained to check for neoplasia (e.g., carcinoma, adenoma, dysplasia, 
lymphoma) or colitis (e.g., eosinophilic, ischemic, radiation-induced, 
infectious, inflammatory bowel disease). 

2. Introduce biopsy forceps into the scope via the biopsy channel. 
This may be difficult when the scope is looped and is often facili- 
tated by straightening the scope. 

3. Because the forceps exit the scope at the six o’clock position, make 
an effort to position the lesion at six o’clock on the screen to facili- 
tate the biopsy. 

4. When random biopsies are needed (such as in ulcerative colitis) it is 
easiest to obtain the biopsies from a fold. 

5. Direct the forceps to the target, open the forceps, push in, and close 
the forceps. Pull abruptly to obtain the specimen. 

a. There are numerous types of biopsy forceps. 

b. Biopsy forceps can be equipped with a spike that holds the first 
biopsy allowing the forceps to be used for an immediate second 
biopsy. 

c. In general a cold biopsy refers to one done without the use of 
cautery. 

d. Hot biopsy uses cautery and is primarily used for removing 
small polyps (< 5 mm). 

i. Advantages include the ability to obtain a sample suitable 
for histologic examination, destroy the residual polyp with 
the effect of the cautery, and achieve hemostasis. 

ii. Grasp the polyp with the biopsy forceps and pull it away 
from the bowel wall. 

iii. Push the forceps out until the tip of the insulating sheath is 
seen to avoid damage to the scope. 

iv. Use medium-strength coagulating current in short bursts 
until the polyp and 2mm of surrounding mucosa turn white 
(coagulum). 

V. Pull the forceps and withdraw from the scope. 
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G. Endoscopic Ultrasound (EUS) 

1. Indications for rectal EUS: Endoscopic ultrasound (EUS) exami- 
nation of the rectum has been primarily used for: 

a. Staging of rectal cancer. It is useful for selecting tumors for 
local treatment, selecting patients for neoadjuvant therapy, and 
predicting patients who may need en bloc resection of other 
pelvic organs. 

b. Follow-up of rectal cancer to monitor local recurrence. 

c. Delineating perianal fistulaes and abscesses and their relation- 
ship to the sphincters. 

d. Imaging internal and external sphincter in the evaluation of in- 
continence. 

e. Identification of submucosal masses. 

2. Indications for colonic EUS: EUS in colon cancer staging and fol- 
low-up has not been as clinically relevant as in rectal cancer for sev- 
eral reasons. Generally, there is no role for neoadjuvant therapy in 
colon cancer (controversial in T-4 lesions) and local recurrence is 
uncommon. In addition, EUS of the colon is technically more diffi- 
cult. EUS may have a role in: 

a. Guiding therapeutic plans on large sessile adenomatous polyps 
whether endoscopic, laparoscopic, or open removal is appropri- 
ate. 

b. Differentiating between transmural colitis (Crohn’s) and muco- 
sal colitis (ulcerative colitis). 

3. Equipment 

a. Radial scanning EUS scopes are the most popular. They give a 
circumferential ultrasonic image, producing cross-sectional 
anatomic sections. The longitudinal extent of the lesion can be 
determined by carefully moving the instrument in the proximal- 
distal direction. 

b. Linear scan EUS scopes provide a longitudinal section and this 
instrument must be rotated to delineate the entire circumference 
of the rectal wall. For acoustic interface, a water-filled balloon 
surrounds the transducer head. The frequency most commonly 
used is -7.5 MHz. (The shorter the frequency, the greater the 
depth of penetration and the worse the resolution and vice 
versa.) 

c. Rectal EUS probes are either rigid, inserted blindly or via a 
proctoscope (up to 20 cm), or flexible. 
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d. The ultrasonic colonoscope is a flexible instrument, forward 
viewing with a biopsy channel, and a radial scanning method. 
Alternatively, miniature ultrasound scanners can be mounted on 
a probe that is inserted into the biopsy channel of an endoscope. 

e. Newer scanners have the capability of imaging with color Dop- 
pler as well as ultrasound-guided needling. Future-generation 
probes will allow for three-dimensional intrarectal ultrasonogra- 
phy with computer-generated three-dimensional reconstruction 
using a continuous pull-through technique with the radial scan- 
ner. 

4. General principles of EUS technique 

a. Bowel prep: for rectal EUS, bowel preparation with enemas is 
usually sufficient, whereas a routine bowel prep is necessary for 
colonic EUS. 

b. Start with direct examination by proctosigmoidoscopy or total 
colonoscopy. 

c. Identify the target lesion and determine its distance from the 
anal verge. Place the EUS probe at that level (for colonic EUS, 
fluoroscopy may help in localization). Some EUS scopes allow 
you to identify the lesion through an optical piece. Scanning be- 
gins proximal to the lesion. 

d. Withdraw the probe slowly to assess the entire length of the GI 
lumen. Repeat the exam two or three times. Optimal imaging is 
obtained by the combination of balloon insufflation and water 
instillation. 

5. Normal findings 

a. Tissues with high levels of collagen (e.g., submucosa) or fat ap- 
pear hyperechoic, whereas tissues with high water content (e.g., 
muscle) appear hypoechoic. Using a frequency ~7.5 MHz probe 
allows visualization of five layers in the rectal wall (Fig. 54.3): 

i. Hyperecho ic/hypoechoic (two layers) — mucosa 

ii. Hyperechoic — submucosa 

iii. Hypoechoic — muscularis propria 

iv. Hyperechoic — perirectal fat 

b. Occasionally seven layers can be delineated (separation of inner 
circular muscle layer and the outer longitudinal muscle layer of 
the muscularis propria). 

c. Normal rectal wall thickness is between 2 and 4 mm. 

d. Normal colonic wall is between 2 and 3 mm. 

6. At a frequency of 7.5 MHz, the penetration depth of an ultrasound 

scan is about 3 to 4 cm; therefore, other structures could be visual- 
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ized with rectal BUS: prostate and seminal vesicles in males, vagina 
and uterus in females. Urinary bladder can be shown in both sexes, 
especially if full. Valves of Houston may mimic lesions. Adjacent 
organs occasionally visualized in colonic BUS include parts of the 
left and right kidneys, liver, pancreas, and spleen. 

7. The staging of rectal cancers follows the TNM classification Depth 
of penetration determines the T stage. In determining the N state, any 
enlarged lymph node is suspicious. Generally inflammatory nodes 
are hyperechoic, elongated, and heterogeneous, and have indistinct 
borders, whereas metastatic nodes are hypoechoic, rounded, sharply 
demarcated, and homogeneous (Table 54.2). 



£UB T1 EU3 T2 EUS T3 EUS U 




Figure 54.3. System of T (tumor)-staging of rectal cancers based upon endo- 
scopic ultrasound appearance. 
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Table 54.2. EUS staging of rectal cancers 

T staging (Fig. 54.3): 

Tl. Tumor confined to mucosa and/or submucosa. 

Does not interrupt the middle hyperechoic layer. 

T2. Invasion of muscularis propria. 

Does not interrupt the outer hyperechoic area. 

T3. Penetration through the muscularis propria into perirectal fat. 

Through the outer hyperechoic area. 

T4. Invasion of adjacent organs. 

Stages EUS3 and EUS4 are combined. 

N staging: 

NO. LNs not visualized, or hyperechoic. 

Nl. LNs hypoechoic or with mixed echo patterns. 



8. Results 

a. Accuracy is -88-92% in assessing the depth of invasion, -69- 
80% in assessing regional adenopathy with a sensitivity of -70- 
80% and a specificity of -80-90%. 

b. Limitations: 

i. It is difficult to evaluate obstructing lesions. 

ii. Small LNs with micrometastases are difficult to differenti- 
ate from normal LNs. Newer scopes with capability of 
EUS-guided needle biopsy of nodes may increase diagnos- 
tic yield. 

c. The most common misinterpretation of endosonographic tu- 
mor staging is caused by overstaging, specifically for T2 tu- 
mors. Due to a peritumoral inflammation that appears hypo- 
echoic on ultrasound, a penetration through the wall may be 
falsely predicted (this may be seen following biopsy). 
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A. Introduction 

Polypectomy is the commonest therapeutic maneuver performed at the time 
of colonoscopy. This technique is described in Chapter 53 (Therapeutic Flexi- 
ble Sigmoidoscopy). Control of bleeding and removal of foreign objects are 
also discussed in that section. This section of the manual describes decompres- 
sive colonoscopy for Ogilvie’s syndrome, reduction of volvulus, band ligation 
of hemorrhoids, and complications of colonoscopy. 



B. Decompressive Colonoscopy for Ogilvie’s 
Syndrome 

Acute colonic pseudo-obstruction (Ogilvie’s syndrome) is a condition in 
which the colon becomes massively dilated without apparent mechanical ob- 
struction. Commonly associated conditions are listed in Table 55.1. The cause 
is unknown but likely to be multifactorial. 

The diagnosis is usually straightforward. The predominant clinical feature 
is abdominal distention developing over 3 to 4 days. Bowel sounds are variably 
present and the abdomen is generally tense with mild tenderness. Fever and 
leukocytosis are common. Plain abdominal x-rays frequently reveal massive 
dilatation of the proximal colon with relatively normal colonic diameter from 
mid-transverse colon to rectum. Contrast enema is necessary to exclude me- 
chanical obstruction. Radiographic demonstration of perforation mandates 
urgent laparotomy. 
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Table 55.1. Conditions associated with Ogilvie’s syndrome 



Nonabdominal surgery 


• Orthopedic surgery 


Blunt trauma 




Electrolyte abnormalities 


• Hypokalemia 

• Hypomagnesemia 

• Hypophosphatemia 


Chronic illness 


• Renal failure 

• Diabetes mellitus 

• Malignancy 

• Autoimmune disorders 

• Hypothyroidism 


Medications 


• Anticholinergic agents 

• Narcotics 

• Phenothiazines 

• Tricyclic antidepressants 



Initial therapy includes cessation of oral intake, nasogastric decompression, 
and correction of fluid and electrolyte abnormalities. All potentially exacer- 
bating medications (such as narcotics) should be discontinued. Prokinetic 
agents, epidural anesthesia, frequent positional change, or ambulation may 
promote motility. Serial abdominal examinations and daily abdominal x-rays 
should be used to monitor response or progression. The cecum is at greatest 
risk of perforation due to the thin wall and greater circumference. When cecal 
diameter exceeds 12 cm, or if there is persistence or progression of colonic 
dilatation despite conservative measures, colonoscopic decompression is indi- 
cated. 

1 . Set up the room and position the patient as for routine colonoscopy. 

2. Minimize air insufflation during endoscope passage. The pathologic 
distention usually facilitates endoscope passage, which is often sur- 
prisingly easy. 

3. Irrigate frequently with small volumes (50 cc) of saline through the 
endoscope’s suction channel to help maintain channel patency and a 
good view of the lumen. 

4. It is not necessary to reach the cecum with the colonoscope in order 
to effect colonic decompression, especially if the colon is distended 
beyond the hepatic flexure. 

5. Carefully inspect the mucosa during insertion and withdrawal. Cya- 
notic or ischemic mucosa may indicate the need for operative inter- 
vention. Sometimes bloody drainage is the only sign of proximal is- 
chemia. 
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6. Use of an overtube for this purpose must be done with care, as the 
large size and stiff nature of this tube complicate endoscope insertion 
while increasing the risk of perforation or erosion. 

7. After maximal insertion, apply intermittent suction as the endoscope 
is withdrawn until the colonic lumen collapses. Withdraw the scope 
in 4- to 5 -cm increments, keeping the tip of the scope in the middle 
of the bowel lumen. This allows decompression of gas and liquid 
through the suction channel without trapping bowel mucosa. 

8. Evaluate the success of decompression by serial abdominal physical 
and radiographic examination. 

9. A nasogastric tube or long intestinal tube may be passed with the 
colonoscope and left in place after scope removal. 



C. Decompressive Colonoscopy for Sigmoid 
Volvulus 

Sigmoid volvulus occurs when a large bowel segment abnormally twists 
or folds on its mesentery. Volvulus produces a closed loop obstruction with a 
high mortality unless treated. The diagnosis may be suspected on the basis of 
clinical presentation and plain abdominal films (which may be diagnostic). 
Contrast studies confirm the problem by showing the typical bird’s beak de- 
formity of the twisted segment. 

In the absence of signs of gangrene, the safest initial treatment of sigmoid 
volvulus is sigmoidoscopic reduction and decompression. This provides as- 
sessment of mucosal viability, and more importantly, may decompress the 
dilated loop and reduce the volvulus. Urgent laparotomy is mandated for suspi- 
cion of colonic gangrene (elevated temperature, leukocytosis, abdominal ten- 
derness with peritoneal signs, necrotic mucosa at endoscopy) or inability to 
reduce the volvulus. 

In contrast to sigmoid volvulus, endoscopic reduction and decompression 
is not effective for cecal volvulus. Although both colonoscopic and barium- 
assisted reduction of cecal volvulus have been described, successes have been 
limited and associated with high morbidity due to delays in definitive man- 
agement. The mainstay of management for cecal volvulus remains prompt 
laparotomy, at which time the volvulus is reduced. 

1 . Begin preparing the patient for surgery, so that operative intervention 
will not be delayed if endoscopic treatment fails. 

2. Position the patient in the prone jackknife position. This facilitates 
decompression by allowing the colon to fall away. The lateral decu- 
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bitus position is acceptable if the patient cannot tolerate the jackknife 
position. 

3. Because the twist is low in the sigmoid, it can generally be reached 
with a rigid sigmoidoscope. This instrument facilitates decompres- 
sion, often resulting in a dramatic passage of gas and stool as the 
volvulus is entered and the segment is decompressed. 

a. Minimize air insufflation during insertion. 

b. Carefully insert the rigid sigmoidoscope until the site of torsion 
is seen. Thoroughly inspect the mucosa at this point for signs of 
ischemia or necrosis. 

c. If the mucosa appears intact, gently advance the sigmoidoscope 
beyond the point of torsion until there is an immediate return of 
gas and stool from the obstructed loop. 

d. Perform a further limited examination of the bowel mucosa to 
assure viability, then place a rectal tube well above the site of 
torsion, secure it to the perianal skin, and leave it for at least 48 
hours. This will maintain decompression and facilitate subse- 
quent bowel preparation or further evaluation. 

e. Alternatively, a soft, well-lubricated 40- to 60-cm rectal tube 
can be gently passed beyond the site of torsion under endo- 
scopic vision to accomplish decompression. Obviously, endo- 
scopic evaluation of mucosal viability may be limited with this 
tecnique. 

4. Points of axial rotation and obstruction beyond the reach of a rigid 
scope require use of a flexible sigmoidoscope or a colonoscope. 

a. Suction and an assistant are critical to safe completion of endo- 
scopic decompression and evaluation. 

b. The colonoscope is passed through the site of torsion, often with 
gentle air insufflation, as the scope is passed beyond the site of 
obstruction. 

c. Suction decompression may be facilitated by attaching an exter- 
nal suction device to the colonoscope ’s biopsy channel, or by 
attaching a long, soft, 14- to 16-French straight catheter to the 
colonoscope while advancing past the torsion and into the 
proximal colon. This tube is then left in place for subsequent 
decompression. 

5. Endoscopic decompression and detorsion is successful in 85% of 
cases of sigmoid volvulus. A high rate of recurrence argues in favor 
of elective resection of the redundant segment. Patients in whom en- 
doscopic decompression fails, or in whom nonviable mucosa is seen 
on colonoscopy, require urgent surgery. 
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D. Endoscopic Band Ligation Treatment of 
Internal Hemorrhoids 

Indications for treatment of internal hemorrhoids include bleeding and 
prolapse. Hemorrhoids of grade 1, 2, or 3 are suitable for endoscopic treatment. 
Band ligation treatment is usually preceded with a Fleet enema. Thorough 
examination of the anorectum, including anoscopy and flexible sigmoidos- 
copy/colonoscopy is indicated for most patients with such symptoms. 

Patients with external hemorrhoids, some patients with large grade 3 hem- 
orrhoids, and those with grade 4 hemorrhoids are not suitable for endoscopic 
therapy. Caution is indicated in patients who are neutropenic or have compro- 
mised immune function. These patients may have a higher risk of impaired 
healing or septic complications. 

1. Place the patient in the Sims’ position (left lateral decubitus with 
right knee flexed). 

2. Sedation is usually not necessary. 

3. Mount the ligating device on the endoscope and pass the endoscope 
just beyond the dentate line. When using a “see through” ligator, the 
dentate line is easily visualized as it passes by. 

4. Perform ligations 1 cm or more above the dentate line to avoid pa- 
tient discomfort. 

5. The direct approach (Fig. 55.1) is simplest and best tolerated by most 
patients. 

a. Identify the largest hemorrhoid. 

b. Aspirate it into the ligating cylinder using endoscopic suction, 
and release the rubber band to produce ligation. 

c. Single-fire instruments require that the endoscope be removed 
and a second band loaded. Multifire devices do not require this 
maneuver. 

d. Repeat the ligation for additional hemorrhoids. Up to three liga- 
tions are done at one sitting. 

e. Patients with a short anal canal, such as female patients, may be 
more easily approached with the endoscope retroflexed. 

i. Insert the endoscope with the attached ligating device into 
the rectum. 

ii. Retroflex the endoscope within the rectum to visualize the 
region above the dentate line. 

iii. The cephalad view facilitates visualization and ligation 
when the anal canal is too short to permit a direct approach. 

iv. The retroflexed approach is best suited to endoscopic liga- 
tion done with a multifire device, which does not require 
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removal and reloading. From one to three ligations are 
done at one sitting as described above. 





Figure 55.1. Endoscopic ligation of internal hemorrhoids. A. The endoscopist 
positions the ligator in contact with the hemorrhoid about 1 cm above the den- 
tate line. B. Endoscopic suction draws the hemorrhoid into the banding cylin- 
der. C. The elastic “O” ring is ejected to ensnare the hemorrhoid. D. the ligated 
hemorrhoid. 



E. Complications of Colonoscopy 

A sure way to compound any complication is to delay its recognition and 
treatment. Inexperienced endoscopists are more likely to produce complica- 
tions— including both technical and judgmental errors. At both the beginning 
and end of each procedure, review any risks and unusual events specific to the 
individual patient and procedure. For example, is the patient on antiplatelet 
medications? Was there any undue difficulty experienced during the proce- 
dure? 

Instruct the patient and/or guardian of the common presenting symptoms 
and signs of complications that can follow an “uneventful” colonoscopy. These 
generally include pain, bleeding, sensorium changes, nausea, and abdominal 




55. Therapeutic Colonoscopy, Complications of Colonoscopy 571 

distention. Any worrisome event should prompt urgent physician contact and 
an appropriate evaluation. 

1 . Bleeding 

a. Cause and prevention: Bleeding, the most common complica- 
tion following colonoscopy, is usually a result of faulty hemo- 
stasis following biopsy. Resections of polyps >15 mm are at 
particular risk of continued or delayed bleeding. Rarely, bleed- 
ing can occur from trauma to hemorrhoidal veins, or from mu- 
cosal erosions caused by mechanical trauma. Very rarely, direct 
mechanical trauma results in splenic rupture. The best ways to 
prevent these injuries are to (1) anticipate potential problems, 
(2) correct coagulation disorders prior to ^ following any bi- 
opsy, (3) carefully inspect all biopsy sites minutes after ma- 
nipulation, (4) not overmedicate the patient (to the state of being 
unable to report undue pain). 

b. Recognition and management: Do not aggressively pursue 
self-limited bleeding from biopsy sites, lest one risk perforation 
from the nonindicated use of excessive cautery. Less than 50% 
of biopsy sites will require additional cautery and/or the injec- 
tion of 1:100,000 epinephrine. Delayed bleeding, which occurs 
between hours and 30 days following colonoscopy, requires 
immediate resuscitation, correction of any coagulation disor- 
ders, and, usually, repeat colonoscopy. As arterial embolization 
is largely contraindicated (the risk of perforation is already 
high), abdominal exploration must occur if bleeding sites cannot 
be promptly controlled. If, after replacing fluids and coagulation 
deficits, the patient has clearly and decidedly stopped bleeding, 
one may elect to omit repeat colonoscopy so as to minimize the 
risk of perforation at the biopsy site(s). Unaltered, fresh blood 
per rectum should raise the suspicion of hemorrhoidal bleeding. 
Bleeding hemorrhoids require immediate banding, or unusually, 
open hemorrhoidectomy. Clinical fluid losses and/or shock 
without an obvious source should raise the concern of an occult 
splenic rupture. Emergency ultrasound of the abdomen (as for 
trauma patients) is indicated, and any free fluid should prompt 
an immediate laparotomy. 

2. Perforation 

a. Causes and prevention: The incidence of perforation following 
routine diagnostic colonoscopy is approximately 0.8%. This rate 
doubles following therapeutic procedures. Prior surgery, diver- 
ticulitis, or any cause of preexisting intra-abdominal adhesions 
increase the difficulty of the procedure and the enhance the pos- 
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sibility of a colon perforation. Causes include barotrauma from 
excessive insufflation, direct mechanical trauma from the scope 
or its instruments, and perforation from compromised biopsy 
sites. Oversedation can promote the creation of this deadly 
complication, i.e., a reasonably alert patient can complain of 
over-distention and mechanical scope trauma. The rate of perfo- 
ration increases with the size of any resected lesion and the 
amount of cautery used. Large lesions should prompt the con- 
sideration of staged, partial resections. Miscellaneous causes of 
perforation include overzealous dilation of strictures, excessive 
laser ablation, and inappropriate use of biopsy instruments. Ma- 
nipulations should occur under visual control at all times, and 
patience and caution are the foundations of any therapeutic pro- 
cedure. 

b. Recognition and management: If there has been any departure 
from a smooth and uneventful colonoscopy, it must be consid- 
ered that a perforation might have occurred. This is particularly 
true when the patient complains of, or awakens with, unex- 
pected discomfort. Escalating pain is a very worrisome sign, and 
should prompt urgent evaluation and abdominal radiographs. 
An elevated temperature, tachycardia, and/or a leukocytosis add 
to the specificity of diagnosis. Broad-spectrum antibiotics and 
fluid resuscitation should be considered at the first suspicion of 
perforation. Upright chest x-ray and left lateral decubitis films 
are the standards for detecting free intra-abdominal air. Com- 
puted tomography is more sensitive, but also more costly. Intra- 
peritoneal air is absent in -12% of perforations. Delayed recog- 
nition and gross soilage requires a diverting colostomy and 
washout of the abdomen (note: consider laparoscopy). Early 
suspicion and no free air on plain radiographs may be managed 
expectantly with broad-spectrum antibiotics in selected patients. 
Of note, patients who are “poor surgical candidates” are those 
who are least likely to survive continued fecal soilage. Whether 
employing laparoscopy, computed tomography (CT), or other 
means of diagnosis (e.g., contrast enemas if CT is not available), 
the decision tree should clearly anticipate what will be required 
with each finding. For example, if a “confined leak” will be 
treated expectantly, then computed tomography plays a role. 
Likewise, if the results of laparoscopic diagnosis or treatment 
are untrusted, one should not utilize laparoscopy for this situa- 
tion! 
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3. Infection 

a. Causes and prevention: The transmission of infectious mate- 
rial from one patient to another via colonoscopic equipment is 
certainly possible, but also, fortunately, a rare event. Proper at- 
tention to scope preparation, especially the mechanical scrub- 
bing of all ports and instruments, is essential. Even the most 
hearty spore or virus is reliably rendered harmless with standard 
soaking protocols. That colonoscopy can and does produce a 
transient bacteremia is well known. Antibiotic prophylaxis 
should be given to those with vascular prostheses or valvular 
abnormalities. 

b. Recognition and management: Delayed presentation of vague 
or confusing symptoms following colonoscopy should prompt a 
careful history, physical, and review of symptoms. Awareness 
of this possible iatrogenic complication will facilitate appropri- 
ate recognition and management. 

4. Missed diagnosis 

a. Causes and prevention: A most serious “complication” is the 
failure to diagnose an existing condition that warrants prompt 
treatment. An inadequate bowel prep can certainly obscure sig- 
nificant colon and rectal neoplasia. The three anatomic “silent 
areas” of the colon are the cecum, the most distal rectum, and 
the splenic flexure. Even in experienced hands, the cecum is not 
adequately visualized in 5% to 10% of cases. Confirmation of 
reaching the cecum is verified using multiple criteria. Accuracy 
is nearly 100% when three of the following criteria are met: (1) 
transillumination of the cecum in the right lower abdomen, (2) 
convergence of the cecal haustra, (3) identification of the ap- 
pendiceal lumen, (4) identification and/or cannulation of the 
terminal ileum, (5) exact recognition of the palpating hand in 
the right lower abdomen, or (6) the normal progression of in- 
traluminal landmarks (e.g., hepatic flexure and capacious ce- 
cum). If doubt persists, fluoroscopy will confirm the exact loca- 
tion of the colonoscope. Careful attention to technique, with 
meticulous inspection of all potential blind spots including a ret- 
roflexed view of the anoderm junction, will minimize the 
chance of a missed lesion. If the preparation of the bowel is in- 
adequate, thorough washing/irrigation of the retained feces is 
attempted via the colonoscope. If the visual inspection remains 
incomplete, then a second exam is indicated at a later date with 
a more vigorous preparation. 
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b. Recognition and management: Faulty judgment and pride can 
obscure the realization of an incomplete colonoscopy. Unless 
complications ensue, if a full diagnostic colonoscopy was ini- 
tially indicated, then full screening must be accomplished. If 
necessary, repeat colonoscopy and/or double-contrast barium 
enema should be scheduled. Good relations and personal com- 
munication with radiology colleagues will often secure an “add- 
on” barium enema exam on the same day as the incomplete co- 
lonoscopy, thus sparing the patient a second bowel prep. 

5. Lost specimens 

a. Causes and prevention: It can be difficult at times to retrieve 
biopsy specimens. This is particularly true for small polyps re- 
sected with the snare loop. Careful cleansing of surrounding fe- 
ces prior to polypectomy, and optimal patient positioning (e.g., 
rolling the patient on his/her side, abdomen, or back) will pre- 
vent many frustrating situations. 

b. Recognition and management: If a specimen is not retrieved 
on initial attempts, a series of maneuvers can be employed. A 
suction trap is placed in-line. Careful removal of all debris and 
fecal material with suction is essential to recovering small lost 
specimens. Often, the small polyp, when found, can be immobi- 
lized at the suction port, and the scope removed while constant 
suction is applied. If the desired specimen is not found upon 
removal of the scope (following all due diligence), the suction 
trap is first completely inspected, and second, the suction port of 
the scope is probed. Next, it is recommended that the diagnostic 
colonoscopy be completely repeated. Finally, the patient is in- 
structed in the use of a collection “seat” for the home toilet, and 
(s)he is encouraged to participate in the search by screening all 
fecal matter over the next 2 days. But clearly, the best hope of 
retrieving a lost specimen rests with the careful attempts of an 
experience endoscopist. 

6. Complications of endoscopic hemorrhoid ligation 
a. Pain 

i. Cause and prevention: The most common complication 
of endoscopic ligation for hemorrhoid disease is pain. Se- 
vere pain immediately after ligation usually indicates that 
the site of ligation was too close to the dentate line. 

ii. Recognition and management: Recognition is usually 
easy. If severe pain occurs immediately following endo- 
scopic ligation, an anoscope may be inserted and, using a 
pointed scissors, the elastic band divided and removed. Re- 
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peat endoscopic ligation may then be performed at a more 
cephalad site if the patient is willing. 

b. Bleeding: Limited bleeding that occurs from 3 to 6 days after 
endoscopic ligation treatment is common and the patient should 
be advised to expect it. Occasionally, breakage or dislodgment 
of an elastic band in the first 24 to 48 hours following endo- 
scopic ligation is associated with significant (more than 100 ml) 
bleeding, which may require repeat application of an elastic 
band or suture ligation via an anoscope to control. The latter 
complication is uncommon. 

c. Thrombosis of external hemorrhoids occasionally occurs 
following band ligation of internal hemorrhoids. Most cases can 
be managed conservatively with sitz baths and analgesics. 

d. Pelvic sepsis 

i. Cause and prevention: This very rare complication of 
band ligation has been reported most frequently in younger 
males and may be devastating. No specific preventative 
measures have been identified. 

ii. Recognition and management: The typical patient devel- 
ops perineal pain, swelling, inability to urinate, and may 
have cellulitis, perineal ulceration, or gangrene on exami- 
nation. These symptoms mandate admission to hospital, 
computed tomography of the pelvis to rule out other pa- 
thology, intravenous antibiotics, examination under anes- 
thesia, and possibly perineal debridement and colostomy. 
This complication has been reported in a small number of 
cases over the past two decades. It is wise to inform pa- 
tients of both the symptoms associated with this complica- 
tion as well as its rarity as part of the informed consent. 
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A. Pediatric Esophagoscopy 

1 . Indications 

a. Diagnostic esophagoscopy is performed for the evaluation of 
caustic ingestion, gastroesophageal reflux, and the diagnostic of 
specific inflammatory or infectious problems. 

b. Foreign body removal by esophagoscopy is indicated when- 
ever the foreign body has been present for more than 48-hours 
and when it cannot be removed by simple means such as Foley 
catheter extraction or advancing the foreign body into the stom- 
ach with insertion of a bougie. 

c. Strictures due to caustic ingestion or gastroesophageal reflux 
may need dilatation. 

d. Sclerotherapy of esophageal varices is performed for control 
of hemorrhage in patients with portal hypertension. 

2. The examination may be performed with either a rigid or a flexible 

esophagoscope. General anesthesia is commonly used. 

a. Rigid esophagoscopy must be done under endotracheal general 
anesthesia. The patient lies supine on the operating table with 
the anesthesiologist to the left of the patient’s head. 

b. Flexible esophagoscopy can be done under general endotra- 
cheal anesthesia with the patient supine and either straight or 
turned with the anesthesiologist sitting to the side of the pa- 
tient’s head (whichever seems most comfortable or convenient). 

3. Rigid esophagoscopy 

a. Place a roll under the patient’s neck to extend the neck and 
make it easier to pass the rigid scope. 

b. Use a laryngoscope to lift the endotracheal tube anteriorly and 
to expose the pharyngeal opening so that the esophagoscope can 
be introduced under direct vision. 
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c. Take care to protect the patient during the introduction of the 
esophagoscope. Wrap the head with a towel to protect the face 
and eyes. 

d. Introduce the esophagoscope with the right hand while using the 
left hand to guide the esophagoscope and to protect the lips, 
gums, and teeth. 

e. Never advance the esophagoscope blindly. Advance the scope 
only under direct vision and with caution, only as far as neces- 
sary to visualize the lesion. 

f. Use suction liberally to ensure adequate vision. 

4. Flexible esophagoscopy under general anesthesia 

a. Use a mouth guard of an appropriate size for the patient (al- 
though this may be less necessary in the anesthetized child). 

b. Confirm that the end of the scope is free to move in all direc- 
tions during its introduction. 

c. Use the index finger of the dominant hand to elevate the pa- 
tient’s tongue and mandible. 

d. Introduce the endoscope into the pharynx and just into the 
esophagus with the nondominant hand. 

e. Advance the endoscope gently under direct inspection with 
gentle insufflation of air. Never advance the esophagoscope 
blindly. 

5. Flexible esophagoscopy under conscious sedation 

a. Sedation may consist of Demerol, 1 to 2 mg/kg and Versed 0. 1 
mg/kg administered intravenously or its equivalent. 

b. Monitoring may consist of assessing heart rate, blood pressure, 
respiratory rate, and oxygen saturation (by pulse oximetry), 
every 5 minutes during the procedure and every 30 to 45 min- 
utes during the recovery time. 

c. Position the patient supine. Use the appropriate size of mouth 
guard to protect the endoscope. 

d. Passage of the scope proceeds in the same manner described 
above. 

6. Special considerations 

a. Diagnostic esophagoscopy: inspect for mucosal abnormalities 
including hemangiomas and other vascular malformations, eso- 
phageal varices, esophagitis, or evidence of gastroesophageal re- 
flux. If the child has ingested caustic material, do not advance 
the rigid esophagoscope beyond the first indication of injury. If 
a flexible scope is used, advance the scope through the injured 
esophagus with caution. 
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i. If biopsies are needed, use a cup biopsy forceps to take su- 
perficial bites. 

ii. Multiple biopsies should be taken for histology, cultures, 
and any special studies. 

b. Stricture 

i. Pass a balloon dilator (size depends upon age and size of 
child) through the stricture under direct vision until it is in 
the proper location. Introduce radiopaque contrast into the 
balloon and dilate the stricture under fluoroscopic and di- 
rect visual guidance. Steroid injections in conjunction with 
dilatation are favored by some and can be performed using 
a retractable sclerotherapy needle. 

ii. If the stricture is tight, it may be necessary to pass a string 
or a wire and create a gastrostomy. One end of the string is 
withdrawn through the nose and the other end through the 
gastrostomy. The two ends are tied and left in place. Dila- 
tors can then be passed serially to accomplish gradual 
dilatation. 

c. Foreign body removal 

i. Coins: Use an alligator or rat tooth grasper with teeth on 
the end of the instrument to catch the rim of the coin. Se- 
curely grasp the coin, edge on, and then remove the entire 
unit (scope, grasper, and coin) together. 

ii. Sharp objects: grasp the object by the blunt end and with- 
draw it, or maneuver the sharp end of the object into the 
lumen of a rigid esophagoscope and the scope, grasper, and 
object withdrawn as a unit. 

d. Variceal sclerotherapy is performed in a manner similar to that 

used for adults. 

i. Inject 1 to 3 cc of sclerosant into each varix at or just 
proximal to the esophagogastric junction. 

ii. Use a total of about 5 to 10 ml of sclerosant at each ses- 
sion. 

iii. Space sessions at 3- to 6- week intervals. 

Complications 

a. Perforation 

i. Cause and prevention: Rigid esophagoscopy beyond the 
cephalad margin of injury from caustic ingestion may re- 
sult in perforation. Minimize the risk by not advancing the 
rigid scope beyond the first recognition of injury. Forceful 
dilatation of an esophageal stricture or forceful removal of 
a foreign body that has been present for more that 48 hours 




580 



Thom E Lobe 



may result in perforation. The former can be prevented by 
not being too zealous in attempts at dilatation of tight 
strictures. The latter may not be preventable. 

ii. Recognition and management: Blood at the site of injury 
or stricture should make one suspect of a perforation. A 
two-view chest x-ray should be taken to search for medias- 
tinal air or pneumothorax. If these images are suspicious, 
then a contrast esophagram should be performed. Addi- 
tional management of a perforation depends on the loca- 
tion. In most instances drainage will be required with or 
without repair of the perforation. A thoracoscopy or a tho- 
racotomy may be required to accomplish this. Rarely, a 
gastrostomy and a cervical esophagostomy may be required 
to protect the area of injury. For perforation of the cervical 
esophagus, a cervical exploration with drainage may be 
necessary. 

b. Mucosal injury 

i. Cause and prevention: Mucosal injury can occur from 
forceful dilatation, the removal of a foreign body, or the 
injection of esophageal varices. All of these maneuvers 
should be carried out by experienced endoscopists and with 
care to prevent their occurrence. 

ii. Recognition and management: When mucosal injury is 
apparent, radiographs should be taken to exclude the possi- 
bility of a perforation. If there is no perforation, then most 
of these injuries will heal without any specific therapy. 

c. Extra-esophageal injection of sclerotherapy solution 

i. Cause and prevention: When sclerotherapy is performed, 
the possibility exists of injecting the solution outside the 
esophagus, rather than intra- or paravariceal. 

ii. Recognition and management: Failure to do a proper in- 
jection is immediately apparent. Either the varices blanch 
or the paravariceal esophageal mucosa swells and blanches 
to indicate a proper injection. If neither of these occurs, one 
should be suspicious of a transmural injection and a two- 
view chest x-ray should be obtained to exclude perforation. 
In most instances, nothing need be done except observa- 
tion. 
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B. Gastroduodenoscopy 

1 . Indications 

a. Diagnostic gastroduodenoscopy is indicated for the assessment 
of inflammatory conditions and suspected gastritis or peptic ul- 
cer disease. Biopsy may be required for diagnosis of H. pylori 
or other infections. 

b. Foreign bodies such as coins or sharp objects such as pins or 
needles often need to be removed using endoscopic snares or 
graspers. 

c. Hemorrhage from the stomach and duodenum can best be as- 
sessed by endoscopy. 

d. Assessment of an upper gastrointestinal mass can be made by 
inspection and biopsy depending on the nature of the mass. 

e. Percutaneous endoscopic gastrostomy (PEG) tube placement 
is a useful alternative to open gastrostomy. 

2. The examination may be performed under general anesthesia using 
the same patient position and room setup described above, or may be 
performed under conscious sedation with appropriate monitoring. In 
this case, the patient is often placed in a lateral position starting with 
the left side down. 

3. The initial part of the examination proceeds as described for flexible 
esophagoscopy, above. 

4. Upon entering the stomach, retroflex the endoscope to inspect the 
cardia of the stomach and the gastric side of the gastroesophageal 
junction. 

5. Next, thoroughly inspect the body of the stomach, including the 
greater and lesser curvature. 

6. In the small infant and child, the pylorus is quite high, at about at the 
level of the gastroesophageal junction. The best way to find this 
structure is by retroflexing the endoscope and maneuvering the scope 
back and forth on either side of the incisura. 

7. With the pylorus in view, advance the endoscope toward the pyloric 
opening and into the duodenum. 

8. Special considerations: 

a. Common causes of upper gastrointestinal bleeding are listed in 
Table 56.1. When gastritis is found, biopsy to evaluate for H. 
pylori. 

b. Most patients who are scoped for evaluation of pain will prove 
to have gastritis. Biopsy should be taken to evaluate for H. py- 
lori. 
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Table 56.1. Causes of upper gastrointestinal bleeding in children 



• 


Gastric varices 


• 


Peptic ulcer disease 


• 


Vascular malformations (rare) 


• 


Mallory-Weiss tears (rare) 


• 


Tumors (uncommon) 


• 


Gastritis (common) 



9. Removal of foreign bodies from the stomach 

a. Coins may sit in the stomach for prolonged periods and often 
are adherent if they are multiple. 

b. Use forceps with teeth on the end. This allows the grasper to 
gain a firm grip on the raised edge of the coin. 

c. Remove sharp foreign bodies blunt end first, to avoid injuring 
the esophagus on the way out. 

10. Percutaneous gastrostomy placement 

a. The techniques are essentially the same as those used in adults. 

b. Take care to avoid injury to colon or small intestine, and con- 
sider using laparoscopic visualization to minimize the danger of 
injury to adjacent viscera. 

11. Complications 

a. The complications of diagnostic gastroduodenoscopy in chil- 
dren are the same as in adults 

b. Extragastric placement of PEGs 

i. Cause and prevention: PEG tubes can be placed errone- 
ously in the adjacent colon or small bowel. Minimize the 
risk by considering alternate techniques in patients with 
previous abdominal surgery, peritonitis, or tumors. Care- 
fully distend the stomach and choose the site of the PEG 
tube carefully. When the stomach is distended and illumi- 
nated, look for a transverse shadow across the upper abdo- 
men (which may represent a loop of small bowel or colon 
between the stomach and the abdominal wall). Avoid this 
problem completely by using a laparoscopic assisted tech- 
nique. 

ii. Recognition and management: This complication may 
not be recognized immediately. Local peritonitis may de- 
velop leading one to suspect the possibility. When gas- 
trostomy feedings result in severe abdominal cramping 
(with small bowel placement) or diarrhea (colon place- 
ment), perform a contrast study to document the position of 
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the tube. If the complication is discovered late, then all that 
may be necessary is to remove the tube and allow the tract 
to seal itself. If the complication is discovered early or if 
the contrast study suggests intraperitoneal extravasation, 
then a laparotomy may be required for repair of the injured 
bowel 



C. Sigmoidoscopy 

1. Pediatric sigmoidoscopy can be used to assess bleeding or a sus- 
pected mass in the sigmoid colon. Just as with adults, biopsy or exci- 
sion of polypoid masses can be performed. 

2. In young children, sigmoidoscopy is often performed under general 
endotracheal anesthesia. Position the patient either in the lateral 
flexed position with the buttocks over the side of the table, or in the 
lithotomy position. Conscious sedation may be used in older chil- 
dren. In some children, it may be feasible to perform flexible sigmoi- 
doscopy in the office without sedation. 

3. A pediatric Fleets enema or its equivalent should be given to the 
child before sigmoidoscopy. 

4. First introduce a finger into the anus to dilate it and to assess whether 
there exist any obstructing lesions. 

5. Rigid sigmoidoscopy: having established that the anus and distal 
rectum are clear of obstruction, introduce the sigmoidoscope with 
obturator into the anus. Remove the obturator, close the observation 
window, and gently introduce sufficient air into the rectum to visu- 
alize the lumen. Advance the scope in the direction of the lumen un- 
der direct vision. Never force the scope blindly. Inspect the mucosal 
surface through its entire circumference as the scope is withdrawn. 

6. Flexible sigmoidoscopy (see colonoscopy, below). 

7. During sigmoidoscopy, search for fissures, arteriovenous malforma- 
tions, foreign bodies, signs of trauma, or mass lesions. Always re- 
member the possibility of child abuse. 
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D. Colonoscopy 

1. Indications: as with adult patients, colonoscopy is performed for 
evaluation of suspected infectious or inflammatory colitis, bleeding, 
or mass lesion above the range of the flexible sigmoidoscope. 

2. Bowel preparation: A bowel prep consisting of clear liquids the 
evening before (2 days in older children), and a cathartic the day be- 
fore works well. Alternatively (although most children do not toler- 
ate the volume well), Go-Lytely (Braintree Laboratories, Inc., Brain- 
tree, MA) can be administered by mouth in a dose of 4 cc/kg/hour for 
four hours the day preceding the examination, to be accompanied by 
a clear liquid diet to follow. The patient should be NPO for the ex- 
amination. 

3. First introduce a finger into the rectum to be certain that no ob- 
structing lesions are present. 

4. Next, insert the colonoscope and advance in the direction of the lu- 
men. The general technique is similar to that used in adults (see 
Chapter 56). 

5. It may be helpful to have an assistant hold the scope at the anus and 
advance the scope as necessary while the endoscopist manipulates 
the scope. 

6. Redirect the scope by palpating the patient’s abdomen, or by reposi- 
tioning the patient as necessary. Sometimes it is useful to jiggle the 
endoscope to aid in its advancement into the colon. 

7. Occasionally, the endoscope will be difficult to advance, or remain in 
the same location despite insertion of significant additional length of 
scope. The scope may have formed a loop or the bowel may have 
telescoped on itself. Withdraw the body of the scope until the end of 
the scope retracts. It should then be possible to continue to advance 
the scope. Advance the colonoscope to the cecum, and inspect 360° 
of the mucosal circumference for each length of bowel as the scope is 
withdrawn. 

8. Biopsy is best performed with a cup biopsy forceps to minimize tis- 
sue destruction. It may be advisable to send specimens for cultures or 
special studies in addition to routine histology. 

9. Before performing polypectomy, carefully assess the nature of the 
polyp. Pedunculated polyps may be removed by snare with electro- 
cautery. Sessile polyps may be biopsied for histology, but removal 
may require operative resection. 

10. Sigmoid volvulus may sometimes be reduced endoscopically (sig- 
moidoscope or colonoscope). 
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a. Suspect the diagnosis from clinical presentation and abdominal 
x-rays, especially in mentally impaired patients or those with 
chronic constipation. 

b. If the passage of the sigmoidoscope fails to reduce the volvulus, 
flexible colonoscopy or operative reduction may be required. 

11. Severe constipation occurs in some pediatric patients. Mechanical 
disimpaction under anesthesia may be required. This is particularly 
likely in the mentally impaired, in patients with undiagnosed Hirsch- 
sprung’s disease, or following corrective surgery for Hirschsprung’s 
disease or imperforate anus. Digital disimpaction accompanied by ir- 
rigation may be necessary to make room for the sigmoidoscope, 
which is of limited use in the evaluation of this problem. 

12. The complications of pediatric colonoscopy include bleeding and 
perforation. Prevention, recognition, and management are similar to 
the adult. 




Appendix: SAGES Publications 



SAGES issues and periodically revises guidelines, statements, and stan- 
dards on a variety of subjects related to endoscopy, laparoscopy, and educa- 
tion. Patient education information brochures are also available for selected 
laparoscopic procedures. A list of materials available at press time for this 
manual is given below. Documents may be viewed or downloaded from the 
World Wide Web at www.sages.org. They are also available from: 

Society of American Gastrointestinal Endoscopic Surgeons 

2716 Ocean Park Blvd., Suite 3000 

Santa Monica, CA 90405 

Phone: (310) 314-2404 

FAX: (310)314-2585 

email: SAGESMail@aol.com 



A. SAGES Guidelines, Statements, and Standards 

1 . Statement on Concentration in General Surgery Residency 

2. Position Statement on Advanced Laparoscopic Training 

3. Integrating Advanced Laparoscopy into Surgical Residency Training 

4. Video Production Guidelines 

5. Guidelines for the Surgical Practice of Telemedicine 

6. Statement on First Assistants 

7. Global Statement on New Procedures 

8. Granting of Ultrasonography Privileges for Surgeons 

9. Guidelines for Laparoscopic Surgery During Pregnancy 

10. Guidelines for Diagnostic Laparoscopy, Clinical Application 

1 1 . Guidelines for the Clinical Application of Laparoscopic Biliary Tract 
Surgery 

12. Guidelines for Surgical Treatment of Gastroesophageal Reflux Dis- 
ease (GERD) 

13. Statement on Policy, Laparoscopic Appendectomy 

14. Guidelines for Collaborative Practice in Endoscopic/Thoracoscopic 
Spinal Surgery for the General Surgeon 

15. Guidelines for Granting of Privileges for Laparoscopic and/or Thora- 
coscopic General Surgery 

16. Framework for Post-Residency Surgical Education and Training 
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17. Granting of Privileges for Gastrointestinal Endoscopy by Surgeons 

18. Summary Statement on Surgical Endoscopic Training and Practice 

19. Guidelines for Office Endoscopic Services 

20. Guidelines for General Surgery Resident Education in Gastrointesti- 
nal Endoscopy 

21. Guidelines for Training in Diagnostic and Therapeutic Endoscopic 
Retrograde Cholangiopancreatography (ERCP) 



B. Patient Information Brochures 

1 . Laparoscopic Gallbladder Removal 

2. Laparoscopic Anti-Reflux Surgery (GERD) 

3. Laparoscopic Colon Resection 

4. Laparoscopic Hernia Repair 

C. SAGES Laparoscopic Equipment 
Troubleshooting Guide 

This is a laminated single-sheet guide suitable for attachment to a laparo- 
scopic video cart. 
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Abdomen, access to, 22-35 
pediatric, 387-388 
Abdomen puncture sites, 29 
Abdominal pain, 110-111 

diagnostic laparoscopy for, 111- 
112 

Abdominal surgery, previous, 
laparoscopy in, 104-108 
Abdominal tumors, laparoscopic 
staging of, 115 

Abdominal wall, bleeding from, 33- 
34 

Abdominal wall crepitus, 399 
Abdominal wall hemorrhage, 399 
Abdominal wall lift devices, 43-50 
planar, 46 

technique for, 47-50 
types of, 43-47 

Abdominoperineal resection, see also 
Segmental colectomies, anterior 
resection, and abdominoperineal 
resection, laparoscopic 
performing, 29^297 
Abscess 

intra-abdominal, 110 
subphrenic, 334 
at surgical site, 192 
Acalculous cholecystitis, 110 
acute, 128 
Achalasia, 213 
Acid-base balance, 39 
Adenocarcinomas of pancreas, 126 
Adhesion lysis, 106 
Adhesions, managing, with previous 
abdominal surgery, 105-106 
Adrenalectomy, laparoscopic, 353- 
362 

complications of, 362 
indications and choice of operative 
approach for, 353-354 
retroperitoneal, 360-362 
transabdominal, 354-360 
Air embolism, 37 
Ampulla of Vater, 483 
Anastomosis, 79-80 
Anastomotic leak, 262-263 
Anastomotic strictures, 263-264 
dilatation of, 544 
Anesthesia 

monitoring and, 15-20 
topical, 423 



Anesthetic, choice of, 16-17 
Angled lens laparoscope, 106 
Anorectal trauma, 546 
Antecolic loop 

cholecystojejunostomy, 
performing, 3 1 7-3 1 9 
Anterior resection, see also Segmental 
colectomies, anterior resection, 
and abdominoperineal resection, 
laparoscopic 
performing, 296 

Antibiotic prophylaxis for endoscopic 
procedures, 412 

Appendectomy, laparoscopic, 275- 
280 

complications of, 279-280 
incomplete, 280 
indications for, 275 
patient positioning and room setup 
for, 275 

pediatric complications of, 400 
performing, 276-279 
trocar position and choice of 
laparoscope for, 275-276 
Appendicitis, acute, in pregnancy, 98- 
99 

Argon, 40-41 

Argon beam coagulator, 64 
Argon plasma coagulator, 455 
Arm position, patient, 13 
Arterial air embolism, 37 
Ascending colon, 557-558 
Aspiration cytology, fine-needle, 436 
Aspirin, 472 

Babcock clamp, 208 
Balloon dissection, 54-55 
Balloon stone extraction, 510 
Balloon techniques, 171 
Bare fiber systems, 66 
Bariatric surgery, laparoscopic, 247- 
252 

vertical banded gastroplasty 
technique, 247-250 
vertical Roux-en-Y gastric bypass 
technique, 250-252 
Basket stone removal, 510 
Basket techniques, 171-173 
BICAP (bipolar circumactive probe), 
452 

Bile duct cannulation, 504 
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Bile duct injury 

after laparoscopic cholecystectomy, 
141 

management of, 188-191 
Bile leakage, 188, 191-192 
as complication of choledo- 
choscopy, 530-531 
Biliary balloon catheter, 181 
Biliary sphincterotomy, 508-509 
Biliary stenting, 512-513 
Biliary tract disease, 99 
Biliary tract stone removal, 510-511 
Biliary tree, definition and drainage 
of, 190 

Billroth gastrectomies, 241-242 
Billroth II anastomoses, 496-499 
Biopsy, 1 16 

colonoscopic, 559 
Biopsy forceps, 541 
Biopsy techniques, 434-436 
cholangioscope, 528 
Bipolar circumactive probe (BICAP), 
452 

Bipolar electrosurgery, 59 
Blade configuration, 64-65 
Bleeding, see also Hemorrhage 
from abdominal wall, 33-34 
in Calot’s triangle, 137 
as complication of choledo- 
choscopy, 53 1 

as complication of colonoscopy, 

571 

control of, 544 

diffuse, from peritoneal biopsy site, 
349-350 

from liver biopsy, 350 
with previous abdominal surgery, 
107 

from trocar site, 34 
upper gastrointestinal, nonvariceal, 
see Nonvariceal upper 
gastrointestinal bleeding 
variceal, sclerotherapy of, see 
Sclerotherapy of variceal 
bleeding 

Bleeding diatheses, medications 
causing, 472 
Blunt trauma, 112 
Body mass index, 94 
Botulinum toxin injection, 213 
Bowel injury, remote, 399-400 
Bowel preparation, 552-553 
Bowel trauma, 305 
Bradycardia, 471 

Bronchus intubations, main stem, 19 
Brush cytology, 434-435 



Brush cytology technique, 
cholangioscope, 528 
Bupivacaine, 20 

Buried bumper syndrome, 477-478 

Calculous biliary tract disease, 128 
Calot’s triangle, 133 
bleeding in, 137 
Cancer staging 

elective diagnostic laparoscopy 
and, 115-127 

pediatric, diagnostic laparoscopy 
and, 396 

pediatric complications of, 405- 
406 

Cannulation 

cholangiopancreatography and, 
502-507 

multiple attempts at, 507 
Capacitive coupling, 63-64 
Carbon dioxide (CO), 38-39 
advantages of, 38, 41 
disadvantages of, 38-39, 41 
increased, 38-39 
Carbon dioxide cylinders, 5-6 
Carbon dioxide embolism, 18 
Carcinoma 

esophageal, 118-121 
of gallbladder, 139-140 
pancreatic, 122-123 
Cardia, 43 1 
Cardiac depression, 41 
Cardiomyotomy, laparoscopic, 213- 
220 

complications of, 219-220 
diagnostic workup for, 213 
indications and patient preparation 
for, 213-214 
myotomy in, 216-218 
patient positioning and room setup 
for, 214 

performing, 215-219 
trocar position and choice of 
laparoscope for, 215 
Cardiopulmonary complications of 
upper gastrointestinal 
endoscopy, 471-472 
Cardiopulmonary function, 
deteriorating, 18 
Catheter, dislodgment of, 273 
Cautery tool, 106 
CCD (charge-coupled device), 88 
Cecal volvulus, 567 
Cecum, 557-558 
Celiac axis, nodes in, 127 
Celiac disease, 480 
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Charge-coupled device (CCD), 88 
Checklist, equipment, 1-3 
Cholangiocatheters, 152 
Cholangiogram, 143-147 
Cholangiography 

alternative methods of, 159 
cystic duct, 151-156 
routine intraoperative (RIOC), 
143-160 

Cholangiograsper, 144 
Cholangiopancreatography, 
cannulation and, 502-507 
Cholangioscopy, peroral, 526-527 
Cholangitis, 194 

as complication of ERCP, 5 1 8 
Cholecystectomy, laparoscopic, 128- 
136 

avoiding complications during, 
137-141 

complications of, 188-194 
indications for, 128-129 
patient preparation, position and 
room setup for, 129-130 
pediatric, complications of, 401 
performing, 132-136 
in small operating room, 5 
trocar position and choice of 
laparoscope for, 130-132 
ultrasound and Doppler for, 1 62- 
165 

Cholecystitis acalculous, see 
Acalculous cholecystitis 
acute, 128 

Cholecystocholangiography, 159, 160 
Cholecystojejunostomy, performing, 
317-319 

Cholecystojejunostomy and 

gastrojejunostomy, laparoscopic, 
314-324 

complications of, 322-324 
indications for, 3 1 4 
leakage of, 322-323 
patient positioning and room setup 
for, 314-315 

trocar position and choice of 
laparoscope for, 315-316 
Choledochoduodenostomy, 499-500 
Choledochojejunostomy, 500 
Choledochoscope, damaging, 533 
Choledochoscopic techniques, 173- 
175 

Choledochoscopy 

completion check, 1 8 1 
complications of, 530-533 
diagnostic, see Diagnostic 
choledochoscopy 



postoperative, 525-528 
therapeutic, 529-530 
transhepatic, 528 
Choledochotomy, laparoscopic 
closure of, 181-185 
common bile duct exploration via, 
178-187 

complications of, 193-194 
indications and patient preparation 
for, 178 

patient position and room setup for, 
179 

performing, 179-180 
postoperative management for, 
186-187 

stone extraction through, 180 
trocar position and choice of 
laparoscope for, 179 
Cholelithiasis, symptomatic, 128 
Chromoscopy, 436 
Chylous ascites, 350 
Clip appliers, endoscopic, 57 
“Closed” technique with Veress 
needle, 24-30 
CO, see Carbon dioxide 
Coagulating current, 60 
Coagulation, 61 

Colitis, glutaraldehyde-induced, 549 
Colonoscopic biopsies, 559 
Colonoscopy 

complications of, 570-575 
decompressive, see Decompressive 
colonoscopy 

diagnostic, see Diagnostic 
colonoscopy 
pediatric, 584-585 
therapeutic, 565-570 
Color Doppler, 162 
Colostomy, laparoscopic, 281-285 
complications of, 284-285 
indications for, 281 
patient positioning and room setup 
for, 281 

technique of, 283-284 
trocar position and choice of 
laparoscope for, 282 
Common bile duct, 163, 164 
free cannulation of, 504 
stricture of, 532-533 
Common bile duct exploration, 
laparoscopic (LCDE) 
complications of, 188-194 
indications, contraindications, and 
choice of approach, 167-168 
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Common bile duct exploration, 
laparoscopic (LCDE) (cont.) 
patient positioning, equipment 
needed, and room setup for, 
168-169 

preparation for, 170 
techniques for, 171-176 
transcystic duct approach, 167-176 
trocar position and choice of 
laparoscope and 
choledochoscope for, 169- 
170 

via laparoscopic choledochotomy, 
178-187 

Common bile duct injury, 192-193 
Completion check choledochoscopy, 
181 

Completion fluorocholangiogram, 186 
Complications 

avoiding, recognizing, and 
managing, 33-35 
with previous abdominal surgery, 
107 

Connections on rear panel, 7 
Conscious sedation of patients, 419- 
420 

Constipation, severe, 585 
Contact-type fibers, 66 
Continuous suturing, 79 
Contralateral groin exploration during 
herniorrhaphy, 397 
Control panel, fluoroscopy, close-up 
view of, 150 
Crohn’s disease, 480 
Crural closure, 205-206 
Crural dissection, 202-204 
Current density, 60-61 
Cuschieri transcystic biliary 
decompression set, 182 
Cutting current, 60 
Cyanoacrylate, 445 
Cystic duct, 143 

Cystic duct cholangiography, 151- 
156 

Cytology, 434 
brush, 434-435 
fine-needle aspiration, 436 

Danger signs, radiographic, 157-158 
Decompression by T-tube, 185 
Decompressive colonoscopy 
for Ogilvie’s syndrome, 565-567 
for sigmoid volvulus, 567-568 
Delayed gastric emptying, 232 
Dentures, dislodgment of, 475 



Descending colon, 557 
Desiccation, 61 

Diagnostic choledochoscopy, 523- 
528 

intraoperative, 523-525 
Diagnostic colonoscopy, 551-563 
general principles of, 555-556 
indications for, 551-552 
patient positioning and room setup 
for, 552-554 
performing, 556-558 
Diagnostic laparoscopy, 109, 1 15-1 17 
for abdominal pain, 111-112 
elective, cancer staging and, 1 15- 
127 

indications for, 115-116 
pediatric cancer staging and, 396 
technique of, 116-117 
for trauma, 112-114 
Diagnostic upper gastrointestinal 
endoscopy, 422-436 
indications for, 422 
patient preparation for, 423 
performance of, 423-432 
Diathermy snare, 457 
Digital fluorocholangiography, 165 
Digital recording, 90-91 
Dilatation, 458-459 

of anastomotic strictures, 544 
of strictures, 476 
Dipyridamole (Persantine), 473 
Direct coupling effect, 63 
Dissection, circumferential, of 
esophagus, 204-205 
Distal pancreatectomy, 307-313 
complications of, 3 1 2-3 1 3 
indications for, 307 
initial dissection and mobilization 
of pancreas for, 309 
patient positioning and room setup 
for, 307 

performing, 307, 309-311 
with splenic salvage, 31 1 
trocar position and choice of 
laparoscope for, 308 
Dither-torquing, intubation by, 539- 
541 

Documentation, 88-92 

of findings with endoscopes, 418 
Doppler 
Color, 162 

for laparoscopic cholecystectomy, 
162-165 

Dor procedure, 219 
Dulocq technique, 53-54 
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Duodenal bulb, 429 
Duodenal diverticula, 506 
Duodenoscope, 497 
Dysphagia, 219-220 

EES (extraperitoneal endoscopic 
surgery), 52 

EGD (esophagogastroduodenoscopy) , 
see Diagnostic upper 
gastrointestinal endoscopy 
Electrocautery, avoiding, 541 
Electrosurgery, 59-64 

monopolar, see Monopolar 
electrosurgery 

Emergency laparoscopy, 109-1 14 
Endocarditis, 471-472 
Endoluminal gastric resections, 237- 
240 

Endoluminal gastric surgery, 457-458 
Endoscopes 

documentation of findings with, 

418 

flexible, see Flexible endoscopes 
handling, 415-418 
manipulation of, 4 1 5-4 1 7 
room setup for, 415 
Endoscopic band ligation treatment of 
internal hemorrhoids, 569-570 
Endoscopic clip appliers, 57 
Endoscopic drainage of pancreatic 
pseudocysts, 514 

Endoscopic foreign body removal, 
460-461 

Endoscopic gastrostomy, 

percutaneous, see Percutaneous 
endoscopic gastrostomy 
Endoscopic hemorrhoid ligation, 
complications of, 574-575 
Endoscopic mucosal resection, 435 
Endoscopic palliation, 459-460 
Endoscopic placement of jejunal 
feeding tubes, 468 
Endoscopic polypectomy, 457-458 
Endoscopic procedures, antibiotic 
prophylaxis for, 472 
Endoscopic retrograde 

cholangiopancreatography 
(ERCP), 140,485-494 
complications of, 516-521 
facilities and equipment for, 489- 
490 

indications for, 485-488 
patient preparation for, 49 1 
performing, 491-494 
therapeutic, 508-514 
Endoscopic ultrasound (EUS), 436 



rectal, 560-563 

Endoscopic variceal band ligation, see 
Variceal band ligation, 
endoscopic 
Endoscopy 

diagnostic upper gastrointestinal, 
see Diagnostic upper 
gastrointestinal endoscopy 
gastrointestinal, pediatric, 577-585 
of postoperative stomach, 432-434 
with surgically altered anatomy, 
496-500 

upper gastrointestinal, see Upper 
gastrointestinal endoscopy 
Endotracheal intubation, 438 
Endotracheal (ET) tube, 16 
End-to-end anastomosis, 79-80 
Energy induced hemostasis, 58-59 
Energy sources used in hemostasis, 
59-67 

Enteroenterostomy, see also Small 
bowel resection, enterolysis, and 
enteroenterostomy 
technique of, 261 
Enterolysis, see also Small bowel 
resection, enterolysis, and 
enteroenterostomy 
technique of, 260-261 
Enteroscopy, small bowel, see Small 
bowel enteroscopy 
Enterotomy, inadvertent, 266 
Epinephrine injection, 453-455 
Epistaxis, 483 
Equipment checklist, 1-3 
Equipment position, laparoscopic, 1-3 
Equipment setup, laparoscopic, 3-8 
ERCP, see Endoscopic retrograde 
cholangiopancreatography 
Esophageal carcinoma, 118-121 
Esophageal hiatus, approach to, 119 
Esophageal opening, 424 
Esophageal perforation, 231-232, 474 
Esophageal sphincter, lower, 426 
Esophageal stents, 476 
Esophagitis, 477 

Esophagogastroduodenoscopy (EGD), 
see Diagnostic upper 
gastrointestinal endoscopy 
Esophagoscopy, pediatric, 577-580 
Esophagus, circumferential dissection 
of, 204-205 

Ethanolamine oleate, 443 
Ethanol injection, 453-455 
ET (endotracheal) tube, 16 
EUS, see Endoscopic ultrasound 
Extracorporeal knot, 78 
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Extracorporeal tying, 73 
Extraperitoneal endoscopic surgery 
(EES), 52 

Extraperitoneal exposure, 49-50 
Extraperitoneal space, 52-56 
access to, 53-54 
anatomic considerations, 53 
dissection of, 54-55 
maintenance of, 55 
potential problems in, 56 
Eye-hand coordination, 71 

Falciform lift device, 43-44 
Fecalith, lost, 400 
Feedings, leakage of, 478 
Feeding tube placement, percutaneous 
endoscopic, 462-468 
Feeding tubes, jejunal, endoscopic 
placement of, 468 
Feldene (Piroxicam), 472 
Fetal monitoring, intraoperative, 101- 
102 

Fever of unknown origin, 1 1 1 
Fiberoptic endoscopes, 407-408 
Fine-needle aspiration cytology, 436 
Fire prevention, 17 
Fitz-Hughes-Curtis syndrome, 110 
Flaccid sphincter, 154 
Flexible endoscopes 
care of, 413 

characteristics of, 407-409 
equipment setup for, 410-412 
troubleshooting, 4 1 2-4 1 3 
Flexible sigmoidoscopy, 534-541 
approaches to, 537-541 
complications of, 541, 545-549 
indications for, 534 
patient preparation for, 535 
technique of, 535-541 
therapeutic, 543-549 
Flumazenil, 420-421, 474 
Fluorocholangiogram, completion, 

186 

Fluorocholangiography, digital, 165 
Fluoroscopy, 148-149 
Forceps biopsy, 435 
Foreign body removal, 545 
endoscopic, 460-461 
pediatric, 579 

Fragmentation, specimen, 86 
Fulguration, 63 
Fundic mobilization, 206 
Fundoplication, laparoscopic, 196 
complications of, 21 1-212 
indications and preoperative 
evaluation of, 1 96- 1 98 



Nissen, technique of, 202-209 
partial, 210 

patient position and room setup for, 
198-199 

pediatric complications of, 402- 
403 

postoperative considerations for, 
211 

short and loose, creating, 206-209 
trocar position and principles of 
exposure for, 199-201 

Gallbladder, carcinoma of, 139-140 
Gallbladder problems, during 

laparoscopic cholecystectomy, 
138-140 

Gallstone pancreatitis, 129 
Gallstones, 99 
Gasless lift devices, 45 
Gastrectomies 
Billroth, 241-242 
distal partial, laparoscopic, 

241-242 

Gastric bypass, vertical roux-en-Y, 
laparoscopic, 250-252 
Gastric cancers, 121, 236 
Gastric cannula, Innerdyne, 239 
Gastric emptying, delayed, 232 
Gastric lymphoma, 236 
Gastric perforation, 226, 231-232 
Gastric resections, 236-246 
approaches to, 236-237 
complications of, 245-246 
endoluminal, 237-240 
indications for, 236 
laparoscopic, 240-245 
patient positioning and room setup 
for, 237 

Gastric surgery, endoluminal, 457- 
458 

Gastrocolic fistula, 478 
Gastroduodenoscopy, pediatric, 581- 
583 

Gastroesophageal reflux, laparoscopic 
treatment of, 196-212 
Gastroesophageal reflux disease, 197 
Gastrohepatic omentum, 120, 121 
Gastrointestinal endoscopy, pediatric, 
577-585 

Gastrojejunostomy, see also 

Cholecystojejunostomy and 
gastrojejunostomy, laparoscopic 
leakage of, 323 
performing, 3 1 9-322 
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Gastroplasty, vertical banded, 

laparoscopic, technique of, 247- 
250 

Gastrostomy, laparoscopic, 221-226 
cannula position and choice of 
laparoscope for, 221-222 
complications of, 225-226 
indications for, 221 
leakage of, 225-226 
with mucosa-lined tube, 224-225 
patient positioning and room setup 
for, 221 

performing, 222-225 
percutaneous endoscopic, see 
Percutaneous endoscopic 
gastrostomy 
General anesthesia, 16 
Gluing, tissue, 80 

Glutaraldehyde-induced colitis, 549 
Gold probe, 452 

Grading system for hemoperitoneum, 
113 

Groin exploration during 
herniorrhaphy 
contralateral, 397 

Guidelines, statements, and standards, 
SAGES, 586-587 
Gunshot wounds, 113 

Hashimoto’s subcutaneous lift 
method, 45 
Hasson cannula, 23 

“open” technique with, 31-33 
Heater probe, 450-452 
Helium, 40, 41 

Heller myotomy, see Cardiomyotomy, 
laparoscopic 
Hematomas, 35 

Hemicolectomy, laparoscopic-assisted 
left, 290-295 
right, 287-290 
Hemoclips, 455 

Hemoperitoneum, grading system for, 
113 

Hemorrhage, see also Bleeding 
abdominal wall, 399 
as complication of ERCP, 519-520 
intra-aMominal, 265 
during laparoscopic chole- 
cystectomy, 137-138 
management of, 67-68 
Hemorrhoid ligation, endoscopic, 
complications of, 574-575 
Hemorrhoids, internal, endoscopic 
band ligation treatment of, 569- 
570 



Hemostasis, laparoscopic, 57-68 
energy induced, 58-59 
energy sources used in, 59-67 
mechanical methods of, 57-58 
Hepatic flexure, 557 
Hepatic tumors, 121 
Hepatocellular cancer, 121-122 
Hepatoduodenal ligament, nodes in, 
127 

Hernia, recurrence of, 377 
Hernia repair, 104, 379-385 
Herniorrhaphy, contralateral groin 
exploration during, 397 
Hiatal dissection, 216 
Hiatal hernia, laparoscopic treatment 
of, 196-212 

Hodgkin’s disease, 123-124 

laparoscopic staging for, 344-345 
Hopkins rod lens system, 88 
Hydrostatic balloons, 459 
Hyperamylasemia, 516 
Hypercapnia, 18 
Hypertension, 18 
Hypotension, 471 
Hypoxemia, 471 
Hypoxia, 18 

Ileal-pouch-anal anastomosis, 
laparoscopic-assisted 
proctocolectomy with, see 
Proctocolectomy with ileal- 
pouch-anal anastomosis, 
laparoscopic- assisted 
Ileocecal valve, 557-558 
Ileocolic resection, laparoscopic- 
assisted, 287-290 
Ileus, postoperative, 264-265 
Iliac dissection, 346-349 
Infection as complication 
of colonoscopy, 573 
of upper gastrointestinal 
endoscopy, 473 

Inguinal hernia repair, laparoscopic, 
364-377 

complications of, 374-377 
indications for, 364 
patient positioning and room setup 
for, 365 

totally extraperitoneal approach, 
372-374 

transabdominal preperitoneal 
approach, 365-372 
Injection therapy, 453-455 
Innerdyne gastric cannula, 239 
Instrumentation, laparoscopic, 2 
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Instrument considerations with 

previous abdominal surgery, 106 
Instruments, laparoscopic, 2 
Insufflating agent 
choice of, 37-38 
ideal, 37 

Insufflator, 22-24 
Insufflator testing, 22, 23 
Insulation failure, 63 
Internal hemorrhoids, endoscopic 
band ligation treatment of, 569- 
570 

Interrupted suturing, 79 
Intestinal loop, malrotation of, 285 
Intra-abdominal abscess, 1 10 
Intra-abdominal hemorrhage, 265 
Intracorporeal knots, 73 
Intracorporeal knot tying, 69-71 
Intrahepatic stones, 5 1 1 
Intraoperative considerations, 18-19 
Intraoperative diagnostic 

choledochoscopy, 523-525 
Intraoperative enteroscopy, 482 
Intraoperative fetal monitoring, 101- 
102 

Intraperitoneal exposure, 47-49, 50 
Intravariceal injection, 444-446 
Intubation, endotracheal, 438 
Irrigation techniques, 171 

Jejunal feeding tubes, endoscopic 
placement of, 468 

Jejunostomy, complications of, 477- 
479 

Jejunostomy tube placement, 267-273 
complications of, 272-273 
indications for, 267 
patient positioning and room setup 
for, 267 

technique of, 268-272 
trocar position and choice of 
laparoscope for, 267-268 

Ketoralac, 20 
Knot-tying, 73-78 
intracorporeal, 69-71 

Laparoscopic adrenalectomy, see 
Adrenalectomy, laparoscopic 
Laparoscopic antegrade 

sphincterotomy, 175-176 
Laparoscopic-assisted ileocolic 
resection, 287-290 
Laparoscopic-assisted left 
hemicolectomy, 290-295 



Laparoscopic-assisted 

proctocolectomy with ileal- 
pouch-anal anastomosis, see 
Proctocolectomy with ileal- 
pouch-anal anastomosis, 
laparoscopic-assisted 
Laparoscopic-assisted sigmoid colon 
resection, 290-295 
Laparoscopic bariatric surgery, see 
Bariatric surgery, laparoscopic 
Laparoscopic cardiomyotomy, see 
Cardiomyotomy, laparoscopic 
Laparoscopic cholecystectomy, see 
Cholecystectomy, laparoscopic 
Laparoscopic choledochotomy, see 
Choledochotomy, laparoscopic 
Laparoscopic colostomy, see 
colostomy, laparoscopic 
Laparoscopic common bile duct 
exploration, see Common bile 
duct exploration, laparoscopic 
Laparoscopic distal partial 
gastrectomy, 241-242 
Laparoscopic equipment position, 1-3 
Laparoscopic equipment setup, 3-8 
Laparoscopic equipment 

troubleshooting guide, SAGES, 
587 

Laparoscopic fundoplication, see 
Fundoplication, laparoscopic 
Laparoscopic gastric resections, 240- 
245 

Laparoscopic gastrostomy, see 
Gastrostomy, laparoscopic 
Laparoscopic hemostasis, see 
Hemostasis, laparoscopic 
Laparoscopic inguinal hernia repair, 
see Inguinal hernia repair, 
laparoscopic 

Laparoscopic instrumentation, 2 
Laparoscopic instruments, 2 
Laparoscopic patient preparation, 12- 
13 

Laparoscopic plication of perforated 
ulcer, 233-235 
Laparoscopic procedures, 
troubleshooting, 8-1 1 
Laparoscopic repair of ventral hernia, 
see Ventral hernia, laparoscopic 
repair of 

Laparoscopic room layout, 1-8 
Laparoscopic small bowel resection, 
see Small bowel resection, 
enterolysis, and 
enteroenterostomy 
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Laparoscopic splenectomy, see 
Splenectomy, laparoscopic 
Laparoscopic staging 
of abdominal tumors, 115 
for Hodgkin’s disease, 344-345 
Laparoscopic suturing, 69-7 1 
Laparoscopic total gastrectomy, 242- 
245 

Laparoscopic treatment of 

gastroesophageal reflux and 
hiatal hernia, 196-212 
Laparoscopic ultrasound (LUS), 124 
in cancer staging, 124-127 
for laparoscopic cholecystectomy, 
162-165 

Laparoscopic vagotomy, see 
vagotomy, laparoscopic 
Laparoscopic vertical banded 

gastroplasty, technique of, 247- 
250 

Laparoscopic vertical Roux-on-Y 
gastric bypass, 250-252 
Laparoscopy, diagnostic, see 
Diagnostic laparoscopy 
emergency, 109-114 
in massive obesity, 94-97 
pediatric, see Pediatric laparoscopy 
during pregnancy, see Pregnancy, 
laparoscopy during 
with previous abdominal surgery, 
104-107 

Laser energy, 65-67 
Laser photocoagulation, 453 
Laser types, 66 
LCDE, see Common bile duct 
exploration, laparoscopic 
Left hemicolectomy, laparoscopic- 
assisted, 290-295 
Lens-tipped trocar, 53 
Lift devices, abdominal wall, see 
Abdominal wall lift devices 
Ligatures, 58 

Linear stapling devices, 58 
Lithotomy-Trendelenburg position, 

13 

Lithotripsy, 175, 51 1 
Lithotriptors, 529-530 
Liver biopsy, 117 
bleeding from, 350 
Local anesthesia, 17 
Lower abdomen puncture sites, 29 
Lower esophageal sphincter, 426 
Low-pressure pneumoperitoneum, 43 
Lugol’s solution, 436 
Lumbar retroperitoneal space, 53 
LUS, see Laparoscopic ultrasound 



Lymph node biopsy, dissection, and 
staging laparoscopy, 336-35 1 
complications of, 349-35 1 
indications for, 336 
instruments for, 341 
patient positioning and room setup 
for, 337-340 
technique of, 341-343 
trocar placement for, 342 
Lymph nodes, 126-127 
Lymphocele, 35 1 

Main stem bronchus intubations, 19 
Malrotation of intestinal loop, 286 
Management 

of bile duct injury, 188-191 
of hemorrhage, 67-68 
of transcystic drainage catheter, 
186 

Mayo Clinic sonde technique, 481- 
482 

Meckel’s diverticulum, 1 1 1 
Meperidine, 20 

Mercury-filled rubber bougies, 458 
Mesenteric ischemia, 1 10 
Methylene blue, 436 
Midline scar, 29 
Monitoring 

anesthesia and, 15-20 
of patients, 419 

safety considerations and, 17-18 
Monopolar electrosurgery, 59 
complications of, 63-64 
Morcellation, specimen, 86 
Motor skill, 71 
Mucosal perforation, 219 
Mucosal resection, endoscopic, 435 
Muscle relaxation, 16 
Myotomy, Heller, see 

Cardiomyotomy, laparoscopic 

Narcan, 474 

National Television Systems 

Committee (NTSC) format, 89 
Needle biopsy, 1 16 
Needle handling and passage, 72-73 
Needle tips, 71 
Neoplastic seeding, 479 
Nerve injury, 375-376 
Nissen fundoplication, technique of, 
202-209 

Nitrous oxide, 16, 39, 41 
Nonsteroidal antiinflammatory drugs 
(NSAIDs), 472-473 
Nonvariceal upper gastrointestinal 
bleeding 
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complications with, 455 
control of, 448-455 
diagnosis of, 448 
indications of, 448-450 
methods and results of controlling, 
450-455 

NSAIDs (nonsteroidal anti- 
inflammatory drugs), 472-473 
N staging, 563 

NTSC (National Television Systems 
Committee) format, 89 

Obesity 

massive, laparoscopy in, 94-97 
thromboembolic complications in, 
95-96 

Ogilvie’s syndrome 

conditions associated with, 566 
decompressive colonoscopy for, 
565-567 

“Open” technique with Hasson 
cannula, 31-33 
Operating room, 1 

patient preparation in, 13 
small, laparoscopic 

cholecystectomy in, 5 
Operating table, 1 
Opioids, 20 
Opposing flat knot, 75 
Oral sodium phosphate, 552 
Overhand flat knot, 73-75 
Overtube complications, 441 

Pain management, 20 
PAL (Phase Alternating Line) format, 
89 

Pancreas 

adenocarcinomas of, 126 
initial dissection and mobilization 
of, for distal pancreatectomy, 
309 

Pancreatectomy, distal, see Distal 
pancreatectomy 
Pancreatic carcinoma, 122-123 
Pancreatic duct stenting, 513 
Pancreatic duct stone removal, 512 
Pancreatic leak, 312 
Pancreatic pseudocysts, endoscopic 
drainage of, 514 

Pancreatic sphincterotomy, 509-510 
Pancreatitis 

as complication of 

choledochoscopy, 532 
as complication of ERCP, 5 1 6-5 1 8 
as complication of transcystic duct 
exploration, 193 



gallstone, 129 

Papillotomy, precut, 507-508 
Para-aortic lymph nodes, 124 
Para-aortic node dissections, 337, 
345-346 

Patient information brochures, 
SAGES, 587 
Patient monitoring, 419 
Patient preparation 
laparoscopic, 12-13 
in operating room, 13 
Patient recovery, 420-421 
Patients, conscious sedation of, 419- 
420 

Pediatric colonoscopy, 584-585 
Pediatric esophagoscopy, 577-580 
Pediatric foreign body removal, 579 
Pediatric gastroduodenoscopy, 581- 
583 

Pediatric gastrointestinal endoscopy, 
577-585 

Pediatric laparoscopy, 386-388 
complications of, 399-406 
complications of specific surgical 
procedures, 400-406 
contraindications for, 386 
contralateral groin exploration 
during herniorrhaphy, 397 
diagnostic laparoscopy and cancer 
staging, 396 

general considerations, 386-388 
general laparoscopic complications, 
399-400 

indications for, 386 
instruments for, 387 
patient positioning and room setup 
for, 386-387 
pyloromyotomy, 397 
specific surgical procedures, 389- 
406 

Pediatric sigmoidoscopy, 583 
PEG, see Percutaneous endoscopic 
gastrostomy 

Pelvic fluid collections and abscesses, 
postoperative pediatric, 400 
Penetrating trauma, 1 12 
Peptic ulceration, intractable, 236 
Percutaneous endoscopic gastrostomy 
(PEG), 462-468 
complications of, 477-479 
indications for, 462-463 
“pull” technique for placement of, 
465-468 

“push” technique for placement of, 
463-465 
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Perforated ulcer, laparoscopic 
plication of, 233-235 
Perforation 

as complication of 

choledochoscopy, 53 1 
as complication of colonoscopy, 
571-572 

as complication of ERCP, 520-521 
Periampullary tumors, 506-507 
Peripancreatic nodes, 122 
Peritoneal biopsy site, diffuse 
bleeding from, 349-350 
Peritoneal cavity, 25 

access to, with previous abdominal 
surgery, 105 

Peritoneum, retractors exposing, 32 
Peritonitis, 110 

Peroral cholangioscopy, 526-527 
Persantine (dipyridamole), 473 
Phase Alternating Line (PAL) format, 
89 

Photocoagulation, laser, 453 
Physiologic changes associated with 
pneumoperitoneum, 19 
Piroxicam (Feldene), 472 
Plication, laparoscopic, of perforated 
ulcer, 233-235 
Pneumoperitoneum, 37-41 
low-pressure, 43 
physiologic changes associated 
with, 19 

Pneumothorax, 19, 219 
Polyethylene glycol-electrolyte, 552 
Polypectomy, 543-544 
endoscopic, 457-458 
incomplete, 548 

PONV (postoperative nausea and 
vomiting), 15 

Postoperative bile leakage after 

laparoscopic chole-cystectomy, 
140 

Postoperative choledochoscopy, 525- 
528 

Postoperative ileus, 264-265 
Postoperative nausea and vomiting 
(PONV), 15 

Postoperative stomach, endoscopy of, 
432-434 

Postsplenectomy sepsis, 333 
Precut papillotomy, 507 
Precut sphincterotomy, 509 
Pregnancy, laparoscopy during, 98-99 
advantages and feasibility of, 99- 
100 

disadvantages and concerns about, 
100-101 



guidelines for, 101-102 
indications for, 98-99 
Preoperative analysis and planning 
with previous abdominal 
surgery, 104 

Preoperative considerations, 15 
Pressure injuries, 306 
Pretied suture loops, 58 
Proctocolectomy with ileal-pouch- 
anal anastomosis, laparoscopic- 
assisted, 300-306 
completion of operation for, 305 
complications of, 305-306 
indications for, 300 
patient positioning and room setup 
for, 300 

performing, 302-304 
trocar position and choice of 
laparoscope for, 301 
Propulcid, 12 

Pseudocysts, pancreatic, endoscopic 
drainage of, 514 

“Pull” technique for PEG placement, 
465-468 

Puncture, umbilical, 24-28 
Puncture sites, alternate, 29 
Push enteroscopy, 480-48 1 
“Push” technique for PEG placement, 
463-465 

Pyloromyotomy, 397 

pediatric complications of, 401- 
402 

Pylorus 

opening, 428 
view of, 492 

Radiographic equipment, 148-151 
Radiographic danger signs, 157-158 
Rear panel, connections on, 7 
Recording media, 91-92 
Recovery of patients, 420-421 
Rectal endoscopic ultrasound, 560- 
563 

Rectum, 556 

Regional anesthesia, 16-17 
Respiratory acidosis, 100 
Retractors 

conventional, 46-47 
exposing peritoneum, 32 
U-shaped, 43 
Retrieval bags, 84-85 
Retrogastric dissections, technique of, 
341-343 

Retroperitoneal laparoscopic 
adrenalectomy, 360-362 
Retroperitoneum spaces, 53 
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Retropubic space, 53 
Return electrode, 59 
RGB signal, 89 

Right hemicolectomy, laparoscopic- 
assisted, 287-290 

RIOC, see Cholangiography, routine 
intraoperative 
Roeder knot, 78 
Room layout, laparoscopic, 1-8 
Routine intraoperative 
cholangiography, see 
Cholangiography, routine 
intraoperative 

Roux-en-Y gastric bypass, vertical, 
laparoscopic, 250-252 
Rubber bougies, mercury- filled, 458 

Safety considerations, monitoring and, 
17-18 

SAGES guidelines, statements, and 
standards, 586-587 
SAGES laparoscopic equipment 
troubleshooting guide, 587 
SAGES patient information brochures, 
587 

SAGES publications, 586-587 
Sclerosing agents, 443 
Sclerotherapy of variceal bleeding, 
442-446 

complications of, 446 
contraindications, 442 
indications and results, 442 
performing, 444-446 
technical considerations, 442-444 
SECAM format, 89 
Segmental colectomies, anterior 

resection, and abdominoperineal 
resection, laparoscopic, 286- 
298 

complications of, 297-298 
indications for, 286 
patient position and room setup, 
286-287 

Seldinger technique, 182, 270 
Semi-lithotomy position, 13 
Shaft advancement, 536 
Shaft torquing, 536 
Sheathed videoendoscope system, 534 
Shock, unexplained, 1 10 
Side-to-side anastomosis, 80 
Sigmoid colon, 556-557 
Sigmoid colon resection, 

laparoscopic-assisted, 290-295 
Sigmoidoscopy 

flexible, see Flexible 
sigmoidoscopy 



pediatric, 583 

Sigmoid volvulus, decompressive 
colonoscopy for, 567-568 
Slip knot, 76-77 

Small bowel enteroscopy, 480-484 
complications of, 483-484 
indications for, 480 
technique of, 480-483 
Small bowel obstruction, 1 10, 264 
postoperative, 298 
Small bowel resection, enterolysis, 
and enteroenterostomy, 254-266 
complications of, 262-266 
indications for, 254 
patient positioning and room setup 
for, 254-255 
technique of, 256-260 
trocar position and choice of 
laparoscope for, 255-256 
Smooth muscle tumors of stomach, 
236 

Snare, diathermy, 457 
Snare polypectomy, 543 
Sodium morrhuate, 443 
Sodium phosphate, oral, 552 
Sodium tetradecyl sulfate, 443 
Sonde enteroscopy, 481 
Space of Bogros, 53 
Space of Retzius, 53 
Specimen entrapment, 85 
Specimen fragmentation, 86 
Specimen morcellation, 86 
Specimen removal 
principles of, 82-86 
routes of, 82-84 

Specimen retrieval, complications of, 
86 

Specimen retrieval bags, 84-85 
Specimen rupture, 86 
Sphincter, flaccid, 154 
Sphincterotomy 
biliary, 508-509 
laparoscopic antegrade, 175-176 
pancreatic, 509-5 1 0 
precut, 509 
technique of, 498 
transhepatic-guided, 508 
Splenectomy, 124 

distal pancreatectomy with, 307, 
309-311 

laparoscopic, 326-334 

complications of, 332-334 
disorders treated by, 326 
indications for, 326-327 
patient positioning and room 
setup for, 327-328 
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pediatric complications of, 
403-405 

performing, 330-332 
trocar position and choice of 
laparoscope for, 329-330 
Splenic flexure, 557 
Splenic hilar lymph nodes, 124 
Splenic salvage, distal pancreatectomy 
with, 311 

Square knot, 73-77 
Staging 

cancer, see Cancer staging, 

laparoscopic, see laparoscopic 
staging 
Stapling, 80 

Stapling devices, linear, 58 
Stenting 

biliary, 5 1 2-5 1 3 
pancreatic duct, 513 
Stomach 

postoperative, endoscopy of, 432- 
434 

smooth muscle tumors of, 236 
Stone basket, 174 

Stone extraction through laparoscopic 
choledochotomy, 180-181 
Stone removal 

biliary tract, 510-51 1 
pancreatic duct, 512 
Stone retrieval, 529-530 
Structural Balloon, 55 
Subphrenic abscess, 334 
Sump syndrome, 499 
Surgeon’s knot, 73-77 
Surgery, preparation for, 12-13 
Surgically altered anatomy, 
endoscopy with, 496-500 
Suture choice, 79 
Suture loops, pretied, 58 
Suture material, 72 
Suturing, 58 
continuous, 79 
interrupted, 79 
laparoscopic, 69-71 
Suturing instruments, 71-73 
Suturing techniques, 79-80 

Tachycardia, 18 

TAPP (transabdominal preperitoneal) 
laparoscopic inguinal 
herniorrhaphy, 365-372 
Teeth, dislodgment of, 475 
TEP (totally extraperitoneal) 
laparoscopic inguinal 
herniorrhaphy, 372-374 
Testicular complications, 376 



Therapeutic choledochoscopy, 529- 
530 

Therapeutic colonoscopy, 565-570 
Therapeutic endoscopic retrograde 
cholangiopancreatography, 508- 
514 

Therapeutic flexible sigmoidoscopy, 
543-549 

Thermal therapy, 450-453 
Thermal tissue destruction, 59 
Thoracoscopic vagotomy, 23 1 
Three- trocar technique, 121 
Thromboembolic complications in 
obesity, 95 

Ticlopidine (Ticlid), 473 
Tip deflection, controlling, 409, 536 
Tissue approximation, principles of, 
69-80 

Tissue destruction, thermal, 59 
Tissue gluing, 80 

Tissue sampling techniques, 434-436 
Topical anesthesia, 423 
Totally extraperitoneal (TEP) 
laparoscopic inguinal 
herniorrhaphy, 372-374 
Toupet procedure, 218 
modified, 210 

Transabdominal laparoscopic 
adrenalectomy, 354-360 
Transabdominal preperitoneal (TAPP) 
laparoscopic inguinal 
herniorrhaphy, 365-372 
Transanal specimen extraction, 84 
Transcystic drainage catheter, 
management of, 186 
Transcystic duct approach, 167-168 
Transcystic duct exploration, 
complications of, 191-193 
Transhepatic choledochoscopy, 528 
Transhepatic-guided sphincterotomy, 
508 

Trans vaginal specimen extraction, 84 
Transverse colon, 557 
Trauma, diagnostic laparoscopy for, 
112-114 

Triangle of Calot, see Calof s triangle 
Trocars, 71 
lens-tipped, 53 
placement of, 29-30 
Trocar site bleeding, 34 
during laparoscopic chole- 
cystectomy, 137 
Troubleshooting 

flexible endoscopes, 412-413 
laparoscopic procedures, 8-1 1 
T staging, 562-563 
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T-tube, decompression by, 185 

Ulcer, perforated, laparoscopic 
plication of, 233-235 
Ultrasonic aspirator, cavitational, 64 
Ultrasonic coagulating shears, 65 
Ultrasonic energy, 64-65 
Ultrasonic scalpel, 64 
Ultrasound, endoscopic, see 
Endoscopic ultrasound 
laparoscopic, see Laparoscopic 
ultrasound 

Umbilical puncture, 24-28 
Unexplained shock, 1 10 
Upper abdomen puncture sites, 29 
Upper gastrointestinal bleeding, 
nonvariceal, see nonvariceal 
upper gastrointestinal bleeding 
Upper gastrointestinal endoscopy 
complications of, 470-479 
diagnostic, see Diagnostic upper 
gastrointestinal endoscopy 
therapeutic, 457-461 
Upper gastrointestinal malignancies 
palliation of, 459-460 
Ureteral injury, 305-306 
Urinary tract complications, 375 
U-shaped retractors, 43 

Vagotomy, laparoscopic, 227-232 
complications of, 231-232 
indications for, 227 
patient positioning and room setup 
for, 227 

performing, 228-23 1 
trocar position and choice of 
laparoscope for, 227-228 
types of, 228-23 1 
Variceal band ligation, endoscopic, 
438-441 

complications of, 441 
indications for, 438 
patient positioning and room setup 
for, 438 

technique of, 438-440 



Variceal bleeding, sclerotherapy of, 
see Sclerotherapy of variceal 
bleeding 

Variceal injection, 444-446 
Vascular injury, 374-375 
major, 35 

Vas deferens complications, 376 
Vater, ampulla of, 483 
Venous air embolism, 37 
Ventral hernia, laparoscopic repair of, 
379-385 

complications of, 385 
indications and contraindications 
for, 379 

patient positioning and room setup 
for, 379-380 
technique of, 381-385 
trocar position and choice of 
laparoscope for, 380-381 
Veress needle, 23-24 

“closed” technique with, 24-30 
Vertical banded gastroplasty, 

laparoscopic, technique of, 247- 
250 

Vertical Roux-en-Y gastric bypass, 
laparoscopic, 250-252 
Video-endoscopy, 408-409 
Video imaging, components of, 88-89 
Videoscope, 534 
Video signals, types of, 89-91 
Videotapes, 91 
Visceral injury, 35, 86 

with previous abdominal surgery, 
107 

Volvulus, 567 
Warfarin, 473 

Wire-guided dilators, 458-459 
Working space, generation of, 52-56 
Wound infection, 86 
Wounds, gunshot, 1 13 

Yankauer suction, 473 




